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BIG CREEK FLOOD CONTROL PROJECT 
CLEVELAND, OHIO 


PHASE II 
GENERAL DESIGN MEMORANDUM 


APPENDIX D 


DESIGN ANALYSIS 


SECTION A 
INTRODUCTION 


Dl, Purpose. The purpose of this Appendix is to present the design 
criteria, procedures, and calculations associated with the design of the 
principal features of the Big Creek Flood Control Project. 


D2. Previous Studies. Prerequisites to this Appendix are Appendix A: 
Soil, Geology, and Construction Materials; Appendix B: Alternative stud- 
ies; and Appendix C: Hydrology and Hydraulics. The results of the sub- 
surface expioration program, presented in Appendix A, established the 
general adequacy of the site for the flood control project. The field and 
laboratory testing program determined the various engineering properties 
of the project soils and borrow material required for the design analysis. 
In Appendix B, various alternatives for the principal features of the pro~ 
ject were studied, and an alternative was selected for final design. The 
water surface profile presented in Appendix C was used for setting the tops 
of the various containment structures, and the channel velocities present- 
ed in Appendix C were used for sizing riprap and gabion protection. 
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SECTION B 
STRUCTURAL DESIGN 


D3. General. This Section presents the basic data, design criteria, 
assumptions and loading conditions used in designing the various struc- 
tures of the Big Creek Flood Control Project. Design computations for the 
hydraulic structures are presented in Subappendix Dl. Design computa- 
tions for the relocated Baltimore and Ohio Railroad mainline bridge, the 
Baltimore and Ohio Railroad spurline bridge, and the temporary trestle 

for the Norfolk and Western Railroad are presented in Subappendix D2. 


D4, Design Criteria. Design stresses, design criteria, loading con~ 
ditions, assumptions and methods were based on applicable Corps of 
Engineers’ engineering and design manuels or on industry codes, supple~ 
mented where necessary by conservative judgment and experience. Pub~ 
lications used in establishing design criteria include the following: 


Manuals - Corps of Engineers 


(1) EM 1110-2-2000, 1 November 1971, "Standard Practice of Concrete". 

(2) EM 1110-2-2101, 1 November 1963, "Working Stress for Structural 
Design". 

(3) EM 1110-2-2103, 21 May 1971, “Details of Reinforcement- 


Hydraulic Structures". 
(4) EM 1110-2-2400, 2 November 1964, “Structural Design of Spillway 


and Outlet Works". 
(5) EM 1110-2-2501, 18 June 1962, "Floodwalls". 
(6) EM 1110-2-2502, 29 May 1961, "Retaining Walls". 


Engineering Technica] Letters-Corps of Engineers 
(1) ETL 1110-2-184, 25 February 1974, "Gravity Dam Design-Stability". 
(2) ETL1110-2-236, 30 June 1978, "Design Criteria~Paved Con- 
crete Flood Control Channels". 


Other Publications 


(1) ACI Building Code (ACI 318-77). 

(2) ACI Design Handbook (ACI SP-3). 

(3) ACI Design Handbook (ACI SP-17~-73). 

(4) AISC Manual of Steel Construction, 1970, with supplement dated 
September 1978. 

(5) Manual for Railway Engineering, American Railway Engineering 
Association, 1975. 

(6) Stresses in Framed Structures, Hool and Kinne, 1942, McGraw Hill. 

(7) Standard Specifications for Highway Bridges, American Association 
of State Highway and Transportation Officials, 1977 and 1978 Interim. 


(8) Structural] Welding Code, D1,1-75 including Revision 1-76 and 
Revision 2-77, American Welding Society. 
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DS. Concrete. The reinforced concrete hydraulic structures were design- 
ed with working stresses given in the ACI Building Code and based on an 
ultimate compressive strength (f',) of 3,000 psi at 28 days. Working stress 
modifications for hydraulic structures are in accordance with EM 1110-2-~- 
2101. Reinforced concrete railroad structures were designed with working 
stresses given in the AREA Manual and based on an ultimate compressive 
strength (f',,) of 3,000 psi at 28 days. 


D6. Goncrete Working Stresses. The following table lists the concrete 
and reinforced concrete working stresses used in design. 


Concrete Working Stresses 
Hydraulic Structures 


Working Stress 
si 


Compressive Stress (f'c) 
fic = 3,000 psi 


Flexure (fc) 


Extreme fiber stress in compression, 


0.35 fic 1,050 


Extreme fiber stress in tension (plain concrete 
for footings, walls, and on downstream 
toe of spillway weir, but not for other 
portions of gravity sections) 1.2 VE"; 66 


Extreme fiber stress in tension (for other portions 
of gravity sections, where permitted by 
pertinent engineering manual) 0.6 VEG 33 


Shear (v) (As a measure of diagonal tension at a distance 
"d" from the face of the support). 


Beams with no web reinforcement, 1.1 VE'6 60 


Members with vertical or inclined web rein- 
forcement or properly combined bent 
bars and vertical stirrups, 5.5 VEG 300 


Slabs and footings, 2 Vf', 110 


Bond (u) 
With "D” equal to the nominal bar diameter in 
inches, the bond stress shall not 
exceed the following: 


For tension bars with size and de- 
formation conforming to ASTM A 615, A 617: 
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Top Bars__.__—s—s—CS<2 27H t(D . ee 350 Max. 


D 
Bars other than top bars _ 4.8 5 ee 500 Max. 
D 


Bearing (f c) 
On full area, 0.25 f' 750 
On one-third area or Jess, 0.375 f', 1,125 


When the loaded area is greater than one-third but less than the 
full area, the bearing stress will be interpolated between the values given. 


Modular Ratio (n) 
n=9,2 


Concrete Working Stresses 
Railroad Structures 


(AREA) 


Working Stress 
si 


Compressive Stress (f'c) 
f'. = 3,000 psi 


Flexure (fc) 


Extreme fiber stress in compression, 
0.45 f', _ 1,350 


Shear (v) (As a measure of diagonal tension at a distance 
"d" from the face of the support). 


Slabs and footings (peripheral shear, 
Sec. F, Art. 8) 2 Vf', 110 


Bond (u) 
(1) Tension bars No. 3 ~- No. 11 with deformations 
conforming to ASTM A 615, A 617 ("D" is 
the nominal diameter of bar, inches): 


Top Bars 


3.4/F'5, 350 Max. 


D 
Top bars in reference to bond are 
horizontal bars so placed that more than 
12 inches of concrete is cast in the 
member below the bar. 


Bars other than top bars 4.8 f'c, 500 Max. 


D 
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(2) All compression bars with deformations ee 
conforming to ASTM A 615, A 617 6.5 Vé',, 400 Max. 


Bearing (f Dd 
Full area loaded, 0.25 f'g 750 


Modular Ratio (n) 
The ratio of the modulus of elasticity of steel 
to that of concrete, Es/Ec, equals "n" 
and shall be based upon the compressive 
strength of the concrete as follows: 


For f', (psi) between 3,000 and 
3,999 n=10 


D7. Reinforcing Steel. All reinforcing steel bars for both the hydrau- 
lic structures and the railroad structures were designed for the working 
stresses of new billet steel, intermediate grade, deformed bars conform- 
ing to ASTM A 615 or A 617, Grade 40. Working stresses for hydraulic 
structures are in accordance with the requirements of the ACI Building 
Code, except as modified in EM 1110-2-2101. The flexural (f,) working 
stress, with or without axial loads, is 20,000 psi for both the hydraulic 
structures and the railroad structures. 


D8. Minimum embedment lengths and splice lengths for the hydraulic 
structures conform to ACI 318-77 and EM 1110-2-2103. Minimum embed- 
ment lengths and splice lengths for the railroad structures conform to 

the AREA Manual. Splices at points of maximum moments were avoided 
and, where possible, were staggered in adiacent bars, When the struc- 
tural analysis indicated that bending and direct stress exists under the 
critical loading, reinforcing steel, if required, was computed for both 
bending moment and axial load. 


Dg. Temperature and shrinkage reinforcement for the hydraulic struc~ 
tures was in accordance with the applicable requirements of ACI 318-77, 
EM 1110-2-2103, and EM 1110-2-2400. Temperature and shrinkage rein- 
ype ie for the railroad structures was in accordance with the AREA 
Manual. 


D10. Structural Steel. Structural steel was designed for ASTM A36, 
Fy = 36,000 psi. Bolted connections were designed for ASTM A325, 
H.S. Bolts. 


Dll. Basic Data and Assumptions. The following basic data and 
assumptions were used in design of the hydraulic structures: 


(1) Dead loads (pounds per cubic foot). 


compacted backfill, saturated 125 

compacted backfill, moist 125 

compacted backfill, submerged 62.5 

concrete, plain and reinforced 150 
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(2) Live loads. 


water (pounds per cubic foot) 62.5 
wind (pounds per square foot) 30.0 
live load surcharge - equivalent to 2 feet of 

soil 


(3) Water pressure. 
Hydrostatic pressure as in submerged fill and free water, 
| were applied to structures by conventional pressure dis- 
| tribution. Uplift pressures are treated in subsequent 
paragraphs where loading conditions are given. 
(4) Earth pressures, 
Vertical earth loads were given unit weight in accor- 
dance with assigned loading conditions. In general, 


lateral earth Pressure were determined in accordance 
with Corps of Engineers’ manual EM 1110-2-2502. 


(5) Frost protection. 
4 minimum protective earth cover of 4 feet was used for 


frost protection. 


D12. Joints in Concrete Construction. Joints in concrete construction 
will be provided as follows: 


(1) Horizontal and vertical contraction joints. 
The concrete elements of the various structures will be 


separated by contraction joints to relieve restraint and 
minimize the development of cracks. Reinforcement will 
not extend across the joints, and concrete bond will be 
broken by the application of a bituminous coating. Rubber 
or polyvinyl-chloride waterstops will be used in contrac- 
tion joints to prevent water flow and subsequent damage. 
For concrete structures that function similar to floodwalls 
and have a design water surface that is higher than the 
adjacent existing ground surface, waterstops will be used 
in horizontal and vertical contraction joints to prevent 
water flow from the channel side to the land side of the 
structure. For concrete structures that will act solely as 
retaining structures, waterstops will be used in vertical 
contraction joints to prevent piping of backfill material 
through the contraction joints. Waterstops will not be 
used in horizontal contraction joints of concrete struc- 
tures founded on rock. 


(2) Horizontal and vertical construction joints. 


These joints will be located to facilitate construction pro- 
cedure and minimize shrinkage cracks. The reinforcement 
will be continuous through the construction joint. 


(3) Expansion joints. 


Expansion joints will be provided for volume change of 
the concrete, prevention of spalling, and prevention of 
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serious effects from cracking. A premolded 1/2-inch joint filler will be 
installed in the joints. 


D13. Railroad Bridges and Temporary Trestle. The Baltimore and Ohio 
Railroad mainline and spurline bridges and the temporary trestle for the 


Norfolk and Western Railroad were designed in accordance with the 
American Railway Engineering Association (AREA) Manual for Railway Engi- 
neering, Chapter 8 - Concrete Structures and Foundations and Chapter 15 - 
Steel Structures. 


D114. The superstructures were designed for loads and forces as shown 

in AREA Chapter 15 with recommended live load Cooper E80 with diesel 
impact. AREA recommends Cooper E80 loading for steel structures (Page 15- 
1-6). Structural steel was designed for ASTM A36, Fy 36,000 psi. Bolted 
connections were designed for ASTM A325, H.S. Bolts. Fatique design 

was in accordance with American Welding Society (AWS) Structural Welding 
Code D1.1, Revision 2~77. All welding was designed in accordance with 
AREA and AWS criteria. 


D15. The substructures were designed for loads and forces as shown in 
AREA Chapter 8 with recommended live load Cooper E72 without impact. 
AREA recommends Cooper E72 loading for concrete structures (Page 8-2-3). 
Ice and stream flow loads were in accordance with the American Association 
of State Highway and Transportation Officials Standard Specifications for 
Highway Bridges, 1978 Interim. Abutments and wings were designed as 
semi-gravity type founded on rock with an allowable foundation pressure 

of 10 kips per square foot. Structural backfill shall be AREA Type 1 gran- 
ular backfill. 


D16. The temporary trestle was designed for the same loads and forces 
as the superstructures. Structural steel, bolted connections, and weld- 
ing design were the same as for the superstructures. Piles were designed 
for HP12 x 74, ASTM A36, with maximum allowable design pile load equal 
to 100 tons based on 9,000 psi point pressure. 


D17. Goncrete Chute-Transition At Upstream End of Project, The chute- 
transition at the upstream end of the project was designed as two reinforced 


concrete L-walls with a reinforced concrete slab between. The same de- 
sign was used for both the section of the zoo access road immediately adja- 
cent to the chute-transition and for the section of road leading to the Brook- 
side Park Drive underpass that is immediately adjacent to the chute- 
transition. Reinforced concrete keys will be provided at both the upstream 
and downstream ends of the chute-transition. There is no specific design 
requirement for these keys; however, based on engineering judgment it is 
felt that for a hydraulic structure of this type keys are desirable. The key 
at the upstream end of the structure will reduce underseepage, and it will 
lessen the possibility of undermining of the slab if erosion of the upstream 
soil occurs. The key at the downstream end of the structure will reduce 
underseepage, and it will help in preventing the underdrainage system from 
being overtaxed. A drainage system will be provided behind the walls, and 
a subdrainage system will be provided for the slabs. Design computations 
are presented in Subappendix D1. 
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D18. The L~walls were designed as retaining walls except for about a 
$0-foot reach at the right bank near the downstream end of the two-barrel 
conduit. Along this reach, the chute-transition will be close to the end 
of the two-barrel conduit, and the amount of backfill that can be placed is 
limited. The lowest point of the top of backfill is at about the chute- 
transition grade. This reach of wall was designed as a floodwall. The 
sudden drawdown condition was used for the retaining wall design. The 
design flood condition was used for the floodwall design. Loading condi- 
tions are as follows: 


Case I - Sudden Drawdown Condition 


(a) Chute-transition empty. 

(b) Backfill at maximum elevation (6 inches below top of wall). 

(c) Backfill submerged to an elevation midway between the design 
water surface and bottom of slab (corresponds to the assump- 
tion of a 50 percent effective wall drainage system). 

(d) Backfill above the level of submergence naturally drained. 

(e) Lateral earth pressure from backfill based on an active 
pressure coefficient (Ka = 0.33). 

(f) Uplift across the base varies uniformly from reduced hydro- 
static head at heel to 3-foot hydrostatic head at inside face 
of wall. Uniform 3-foot hydrostatic head from inside face of 
wall to toe of wall. 


Case II - Design Flood Condition. 


(a) Water surface at design elevation. 

(b) Backfill at minimum elevation. 

(c) Backfill naturally drained. 

(d) Uplift varying uniformly across the base. 


D19. Stability criteria for the L-walls is as follows: 


(1) Resultant shall be within the middle third of the base. 

(2). Sliding Factor2H/ SV shall not exceed 0.60. 

(3) Maximum foundation pressure shall not exceed 2 kips per 
square foot. 


D20. The slab between the walls was designed with consideration given 
to its dual purpose. It will be used as both a floodway channel and a road- 
way. Although a subdrainage system will be provided, it is not assumed 

to be 100 percent effective. The slab at the downstream end of the chute- 
transition will have a zero percent slope. A head will have to develop in 
the subdrainage system in order to drain subsurface water. The slab was 
designed to resist a uniform uplift equal to a 3-foot hydrostatic head. The 
slab design and subdrainage system ts presented in Subappendix D1, 


D21. Concrete Transition at End of Three-Barrel Conduit. The transition 


at the end of the three-barrel conduit was designed as two reinforced con- 
crete L-walls with a reinforced concrete slab between. The upstream end 
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of the transition will tie into the existing slab and wingwalls. A reinforced 
concrete key will be provided at the downstream end of the transition. A 
drainage system will be provided behind the walls: and weep holes, drilled 
10 feet into rock, will be provided in the bases of the L-walls and in the 
middle slab. The drainage system its needed to reduce hydrostatic pres- 
sures that are expected to develop from the sudden drawdown condition. 
The 10-foot depth of the weep holes is based on engineering judgment. 

For similar hydraulic structures on other projects, this depth has been 
used for weep holes in rock. Design computations are presented in Sub- 
appendix Dl. 


D22. The L-shaped walls were designed for the sudden drawdown con- 
dition. Loading conditions are as follows: 


Sudden Drawdown Condition. 


(a) Water in the transition at channel grade. 

(b) Backfill 6 inches below top of wall. 

(c) Backfill submerged to an elevation midway between the 
design water surface and channel grade (corresponds to 
the assumption of a 50 percent effective drainage system). 

(d) Backfill above the level of submergence naturally drained. f 

(e) Lateral earth pressure from backfill] based on an attest 
pressure coefficient (Kr = 0.60). 

(f) Uplift uniform across the base (pressure equal to reduced 
hydrostatic head in backfill). 


D23. Since the L-walls will be founded on rock, an at-rest earth pres-~ 

sure coefficient was used. In accordance with EM 1110-2-2502, Para- 

graph 4e, when using at-rest pressures, resultants located outside the 

middle third are acceptable, provided that maximum foundation pressures 
are within safe values. The stability criteria is as follows: 


(1) Resultant shall be within the middle half of the base. : 
(2) Shear-friction factor of safety shall not be less than 4. 
(3) Maximum foundation pressure shall not exceed 10 kips per | 

square foot. | 


D24. The slab between the L-walls was designed to resist a uniform up- 
lift based on the head from the sudden drawdown condition. This corre- 
sponds to the assumption of a 50 percent effective drainage system. Anchor 
bars will be provided as required to ensure stability of the slab. 


D25. Concrete Flume and Retaining Walls at West 25th Street Bridge. 

The flume at the upstream end of the diversion channel was designed as a 
reinforced concrete U-frame. A reinforced concrete key will be provided 

at the downstream end of the flume. A drainage system will be provided 
behind the walls; and weep holes, drilled 10 feet into rock, will be provided 
in the slab. The right side of the flume that is adjacent to the West 2Sth 
Street bridge pier will require a special bracing system to resist surcharge 
loading from the bridge pier. The bracing system will consist of pre-cast 
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reinforced concrete lagging, vertical structural steel beams, and structural 
steel struts. The bracing system will become an integral part of flume. 
The flume was checked for stability against flotation, and it was found to 
be adequate. Design computations are presented in Subappendix D1. 


D26. The flume was designed for the following loading condition: 
Sudden Drawdown Condition 


(a) Flume empty. 

(b) Backfill 6 inches below top of wall. 

(c) Backfill submerged to elevation midway between the design 
water surface and flume grade (corresponding to the assump~ 
tion of 50 percent effective drainage system). 

(ad) Backfill above level of submergence naturally drained. 

(e) Lateral earth pressure from backfill based on an at-rest pres- 
sure coefficient (Kr = 0.60). 1 

(f) Uniform uplift across the base (pressure equal to the reduced 
head in the backfill). 

(g) Surcharge loading from Bridge Pier No. 14 where required. 
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D27. At the upstream end of the flume, the wingwalls at the right bank 
and the wall between the flume and the new Baltimore and Ohio Railroad 
mainline bridge abutment were designed as reinforced concrete T-walls. 
Reinforced concrete keys will be provided at the toes of the walls. A 
drainage system will be provided behind the walls. Design computations 
are presented in Subappendix Dl. 


D28. The T-walls were designed for the following loading condition: 


Sudden Drawdown Condition 


(a) Channel empty. 

(b} Backfill 6 inches below top of wall. 

(c) Backfill submerged to elevation midway between the design 
water surface and the channel grade (corresponding to the 
assumption of 50 percent effective drainage system). 

(da) Backfill above level of submergence naturally drained. 

(e) Lateral earth pressure from backfill based on an at-rest pres- 
sure coefficient (Kr = 0.60). 

(f) Uniform uplift across the base (pressure equal to the reduced 
hydrostatic head in the backfill). 


D29. Since the T-walls will be founded on rock, an at-rest earth pres- 
sure coefficient was used. Stability criteria is the same as outlined in 
Paragraph D23. 


D29a. Foundation Conditions for Concrete Structures. Project soils con- 
sist principally of sandy, silty clay. Bedrock at the project site ts pre- 
dominately gray shale that is horizontally bedded. A detailed discussion 
on the soils and geology at the project site and the results of the subsur- 
face exploration and testing programs are presented in Appendix A. Except 
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for the chute-transition at the upstream end of the project, all concrete 
structures will be founded on rock. As discussed in Appendix A, the shale 
has the characteristic of air-slaking. For the concrete structures founded 
on rock, the concrete will have to be placed on the foundation immediately 
after excavating to final grade, or the foundation surface will have to be 
protected, such as being kept continuously wet. 


D29b. The chute-transition will be founded on natural overburden material 
consisting principally of sandy, silty clay, classified as CL. Based on 
computations presented in Subappendix Dl, an allowable foundation pres- 
sure of 2.0 kips per square foot was selected for the soil foundation. The 
two-barrel conduit is located beneath a portion of the chute-transition. 
Care will have to be exercised during construction so as not to damage this 
conduit. Some dewatering is anticipated during construction at the down- 
stream end of the chute-transition. 


D29c. The concrete transition at the end of the three-barre) conduit will 
be founded on a gray, silty shale. Core borings indicate that the founda- 
tion is adequate for the structure. For design, the maximum allowable 
foundation pressure was set at 10 kips per square foot. As the structure 
will be constructed in existing Big Creek, diversion and dewatering will 
be required during construction. 


D29d. The flume at the upstream end of the diversion channel and the 
associated walls at the upstream end of the flume will be founded ona 
gray shale. Core borings indicate that the foundation is adequate for 
these concrete structures. The maximum allowable foundation pressure 
was set at 10 kips per square foot for design. As the flume will be loca- 
ted between the existing piers of the West 25th Street bridge, care will 
have to be exercised during construction in order not to damage the exis- 
ting piers. It is anticipated that some dewatering will be required during 
construction. 


D29e. The two abutments of the Baltimore and Ohio Railroad mainline 
bridge and the two abutments and pier of the Baltimore and Ohio Railroad 
spurline bridge will be founded on a gray, silty shale. Bottoms of footings 
will be placed in the shale and a value of 10 kips per square foot was 
assigned for maximum allowable foundation pressure. As the concrete 
structures will be constructed in existing Big Creek, diversion and de- 
watering will be required during construction. 
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SECTION C 


RIPRAP AND GABION DESIGN 


D30. General. This Section presents the basic data, design criteria, 
and assumptions used in designing the channel bottom and side slope pro- 
tection for the Big Creek Flood Control] Project. Also included in this 
Section is the design of the protection required for the drop structures. 


D31. Design Criteria. Design criteria, assumptions, and methods 
were based on applicable Corps of Engineers' engineering and design 
manuals, supplemented where necessary by conservative judgment and 
experience. Publications used in establishing design criteria include the 
following: 


Manual ~ Corps of Engineers 


(1) EM 1110-2-1601, "Hydraulic Design of Flood 
Control Channels", 1 July 1970 


Engineering Technical Letter - Corps of Engineers 


(1) ETL 1110-2-120, "Additional Guidance for Riprap 
Channel] Protection", 14 May 1971 


Other Publication 


(1) Technical Report H-75-19, Fourmile Run Local 
Flood-Control Project, Alexandria and 
Arlington County, Virginia, Hydraulic Model 
Investigation, U.S. Army Engineer Waterways 
Experiment Station, Vicksburg, Mississippi 
39180, December 1975 


D32. Riprap Design. The riprap was designed in accordance with the 
method presented in EM 1110-2-1601 and ETL 1110-2-120. Average chan- 
nel velocities were used to determine riprap size. Where the channel is 
curved, a bend-loss factor(BLF) was computed by the following formula 
from EM 1110-2-1601, Plate 34: 


BLF = 3.10 @¥) 0.5 


R = Centerline radius of channel curve in feet. 

W = Top width of channel in feet, computed by 
projecting the channel sideslopes to design 
water surface. 


A nonuniform flow factor of 1.5 was used. If the BLF exceeded the nonuni- 
form flow factor, the BLF was used in lieu of the nonuniform flow factor. 
Computations for riprap design are presented in Subappendix D3. The 
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gradation of 12-inch thick riprap and 18-inch thick riprap is presented in 
Appendix A. 


D33. Gabion Design. As an alternative to the use of riprap, the use 

of gabions was considered in Appendix B, Alternative Studies. The re- 

sults of the Alternative Studies showed that gabions are less expensive 

than riprap where required riprap protection is 24~inch thick or greater. 

The required gabion thickness is set equal to one-half the required riprap 
thickness. As discussed in Appendix B, this gabion-riprap relationship 


was established from model tests for the Fourmile Run Local Flood-Control 
Project. 


Technical Report H-75-~19, Fourmile Run Local 
Flood-Control Project, Alexandria and Arlington 
County, Virginia, Hydraulic Model Investigation, 
U.S. Army Engineer Waterways Experiment Station, 
Vicksburg, Mississippi 39180, December 1975. 


If 24-inch thick riprap is required, then only a 12-inch thick gabion would 
be required. The gradation of stone used to fill gabion baskets is present- 
ed in Appendix A. 


D34., Freeboard. The top of riprap and gabion protection was set 
3.0 feet vertically above design water surface on the levee slope and 
2.5 feet on all other channel slopes. 


D35. Bedding Material. A 6-inch thick layer of bedding material will 
be provided beneath both riprap protection and gabion protection. The use 
of filter cloth in lieu of using bedding material was considezed in Appen- 
dix B. However, the filter cloth was found not to be feasible for the proj- 
ect site. The gradation of the bedding material is presented in Appendix A. 


D36,. Protection of Air-Slaking Shale. The shale at the project site 
has the characteristic of air-slaking. The need to protect the air-slaking 
shale is discussed in Appendix A. Various alternatives for protecting the 
air-slaking shale were considered in Appendix B. Where the channel 
bottom is in bedrock and not continuously wet, riprap protection will be 
provided on the channel bottom where channel velocities are high. 


D37. Summary of Riprap and Gabion Design. The riprap and gabion 
design resulted in the following: 


Station Area Protection Remarks 


Diversion Channel 


67+ 74D=- 61+00D Banks and Bottom 12" Riprap Diversion Channel 
61+ 0OD- 58+00D Banks and Bottom 18" Riprap Downstream end 


of diversion channel 
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Station 


112+ 80F-111+80F 
110+ 20F-109+50F 
105+ 20F-104+50F 
100+ 20F- 99+50F 
95+ 20F- 94+50F 
92+ OOF- 91+30F 


11$+22.5M-114+50M 
89+ SOM- 89+00M 
89+ OOM-~ 87+65M 
89+ 0O0OM- 87+00M 


76+ O0OM-~ 74+00M 
70+ 52D- 69+74D 


71+ O00OM- 70+00M 


Floodway. 


Banks and Bottom 
Banks and Bottom 
Banks and Bottom 
Banks and Bottom 
Banks and Bottom 


Banks and Bottom 


Protection 


12" Riprap 

12" Gabions 
12" Gabions 
12" Gabions 
12" Gabions 


12" Gabions 


Modified Channel. 


Bottom 

Banks and Bottom 
Left Bank 

Right Bank 


Banks and Bottom* 
Right Bank 


Left Bank 


*except low flow channel. 
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Discussion on Design. 


12" Riprap 

12" Gabions 
12" Gabions 
12" Gabions 


12" Riprap 
12" Riprap 


12" Riprap 


Remarks 


Downstream end 
of concrete chute 
Drop Structure 
No. 1 

Drop Structure 
No. 2 

Drop Structure 
No. 3 

Drop Structure 
No. 4 

Drop Structure 
No. 5 


Downstream of 
2~barrel conduit 
Downstream of 
3-barrel conduit 
Confluence 

Area 

Confluence 

Area 

R.R. spur bridge 
Approach to 
flume 

Mainline B&O 
R.R. bridge 


In general, the riprap and gabion de- 


sign was in accordance with the methods noted. However, a certain amount 
of engineering judgment entered into the design where the hydraulic perfor- 
In areas of uncertain hydraulic performance, a con- 
servative approach was taken in selecting the thicknesses of riprap and 
gabions and in determining the lengths of reaches requiring protection, 


mance was uncertain. 
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In the floodway channel, except at the drop structures, the chan- 


nel velocities vary between 5.4 and 6.3 feet per second (fps). Paragraph 
13c of EM 1110-2-1601 recommends a maximum mean velocity in Bermuda 
grass-lined channels of 6.0 fps for sandy silt and 8.0 fps for silt clay. 

Although the maximum mean channel velocities are slightly above the rec- 
ommended maximum, it is not felt that the deviations are sufficiently sig- 


nificant to warrant the expense of riprap protection. 


Furthermore, the chan- 


nel will be dry most of the time; the floodway only carries flood discharge. 
This will provide good conditions for establishing and maintaining a good 


grass cover. 
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D40. At the downstream end of the concrete transition located at the 
downstream end of three-barrel conduit, the modified channel is narrow. 
Average channel velocities are high, and the centerline curves are relative- 
ly sharp. The left bank of the modified channel will be overtopped during 
the design flood by flows in the floodway channel. Twelve-inch thick 
gabions (24-inch riprap) was the computed requirement just downstream 

of the concrete transition. These gabions were extended to cover the nose 
where the floodway channel joins the modified channel. Although the 
12-inch gabions selected will provide more protection than computations 
show are needed, the computations do not include the effects of the expec- 
ted turbulence and eddies at the confluence. Because of the overtopping, 
the flow in this reach of the diversion channel may be greater than the 
discharges used in design. The riprap on the right bank of the modified 
channel was extended downstream until it was felt that the flows between 
the floodway channel and the modified channel would be fully combined. 


D4l, Along all of the diversion channel, the computed riprap thickness 
is 12 inches. At the downstream end, an 18~inch thickness is selected. 
This is a confluence area with flows joining at right angles. Turbulence 
and eddies can be expected. The conservative design is therefore believed 
to be warranted. The need for keys in riprap revetment is outlined in 
Paragraph 14K of EM 1110-2~-1601. It is stated in this paragraph that 

"the upstream and downstream ends of riprap revetment should be protec- 
ted against erosion by increasing the revetment thickness or extending 

the revetment to areas of noneroding velocities". Although this reference 
pertains to riprap revetment, it is believed to be equally applicable for 
gabion structures. Where riprap and gabions terminate, a change in rough~ 
ness occurs and increased turbulence can be expected. Because of the 
increased turbulence, the erosion potential is greater; and, therefore, there is 
need for additional protection. Keys are, therefore, used along the edges 
of the riprap or gabions where they terminate. The key detail is a 3-foot 
by 3~foot gabion placed in a trench. Although this detail is not one of the 
standard riprap key details shown in EM 1110-2-1601, it has been used 

on Corps of Engineer Flood Control Projects. It is felt that gabion keys 
provide better protection than riprap keys because they extend further 
below the channel template than the standard keys and because they are 
firmly connected together. 
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SECTION D 
SLOPE STABILITY ANALYSES 


D42,. General. A detailed discussion on the soils and geology at the 
project site is presented in Appendix A. Adopted design values for the 
project soils for the slope stability analyses are presented in Appendix A. 
The adopted design values include both shear strength parameters and the 
unit weights of soils involved. 


D43. It is anticipated that the majority of fill used for constructing the 
embankment of the relocated Baltimore and Ohio Railroad mainline will 
come from an Offsite borrow area. However, the results of the exploration 
and testing program for the offsite borrow area were not available at the 
time the slope stability analyses had to be run. In order not to delay the 
schedule for completion of the design of the project, it was assumed that 
the shear strength of the borrow material would be equal to or greater than 
the shear strengths of the project soils. This decision was made by the 
Buffalo District, Corps of Engineers during a meeting with Gannett Fleming 
Corddry and Carpenter, Inc., on December 14, 1978. The validity of this 
assumption will have to be checked when the results of the exploration 
and testing program for the offsite borrow area are available. 


D44. References. Publications used in establishing design criteria 
and procedures include the following: 


Manuals - Corps of Engineers 


(1) EM 1110-2-1902, 27 December 1960, "Stability of Earth and Rock- 
Fill Dams". : 
(2) EM 1110-2-1902, 1 April 1970, "Stability of Earth and Rock-Fill 
Dams". 


D45. Cross-Sections. Cross-sections were selected for detailed 

stability analyses for the floodway, modified, and diversion channels. : 
Included in the floodway channel sections are the stability analyses of 
the embankment of the relocated Baltimore and Ohio Railroad mainline ; 
and the levee. In the diversion channel section, the stability of the cut 

in the trash pile was analyzed, as well as the stability of the cuts and 

fills of the relocated Baltimore and Ohio Railroad mainline, Cross- 

sections were selected to reflect various channel templates and the 

various soil classifications, Sections were selected where it was judged 

that the lowest factors of safety would result. The cross-sections were 

simplified as required for stability analysis purposes. The phreatic lines 

used and the lines between different soil materials were assumed based 

on available information and engineering judgment. For stability analyses 

purposes only, the assumed top of rock used for the sections was lowered 

about 3 feet. This is conservative and is believed to be warranted be- 

cause of irregularities in the top of rock and because of weathering and 

decomposition in the top few feet of rock. 
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D46. Conditions Analyzed and Reguired Factors of Safety. Each cross- 
section selected was analyzed for the following conditions: 


(1) End of Construction (Case I, Paragraph lla of 
EM 1110-2-1902, 1 April 1970) 

(2) Sudden Drawdown from Design Water Surface 
(Case III, Paragraph 11 of EM 1110~2-1902, 
1 April 1970) 


D47. In accordance with EM 1110-2-1902, 1 April 1970, the minimum 
factors of safety required are as follows: 


(1) End of Construction Condition 1.3 
(2) Sudden Drawdown Condition 1.2 


D48. Adopted Design Values for Project Soils. The adopted design unit 


weights and shear strength parameters for the project soils for use in the 
slope stability analyses are presented in Appendix A. For convenience, 
they are presented below. The shear test envelopes and the adopted shear 
strength parameters for project soils are presented in Appendix A on Plate 
Al3,. Adopted shear strength parameters are needed for the stability analy- 
sis for end of construction condition and sudden drawdown condition. For 
the end of construction condition, only one shear test envelope is avail- 
able for the existing Baltimore and Ohio Railroad embankment material, and 
it was adopted for design. Also, for the end of construction condition, 
only one shear test envelope is available for the existing Norfolk and 
Western Railroad embankment material, and it was selected for design. 

For the end of construction condition, two shear test envelopes are avail- 
able for the natural foundation material. The adopted design envelope for 
the natural foundation material was selected by engineering judgment, and 
it lies between the two shear test envelopes. For the end of construction 
condition, two shear test envelopes are available on project soils to be 
used in the relocated Baltimore and Ohio Railroad embankment and levee. 
The shear strength envelope selected for design was based on engineering 
judgment. It lies between the two shear test envelopes and is conserva- 
tive. It seemed advisable to be conservative because a considerable por- 
tion of the mainline embankment material will be obtained from an offsite 
borrow. If shear test results on borrow material prove to be lower than the 
adopted shear strength parameters, considerable redesign would be involved 
in the project, For the sudden drawdown condition, the adopted shear stren- 
gth parameters are based on the results of the consolidated-drained (CD) 
and consolidated-undrained (CU) shear tests. Normally for the stability 
analysis of a sudden drawdown condition, a combined CD-CU shear stren- 
gth envelope is adopted for design. This would be the procedure for a 
sudden drawdown stability analysis for the upstream slope of a dam. For 
the Big Creek Flood Control Project, however, 4 true sudden drawdown con- 
dition, as with a dam, cannot occur. It was therefore felt that the refine- 
ment of a combined envelope for design was not warranted, and a straight 
line envelope was selected. The shear strength parameters adopted 
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for design are based on engineering judgment and are believed to be 
conservative. As with the construction case, because material 

for the railroad embankment will be obtained from an offsite borrow, it 
was felt desirable to be conservative in selecting the adopted shear 
parameters for the railroad embankment material. For the cut slope 
through the trash pile, the adopted shear strength parameters for the 
trash material are based on the angle of repose of the trash pile. The 
angle of repose of the trash pile is shown in Appendix A on Plate Al4. 
A discussion on the adopted shear strength parameters for the trash 
material is presented in Appendix A. For project soils, except at the 
trash pile, adopted unit weights are based on laboratory tests. As no 
laboratory tests were run on trash pile material for the purpose of deter- 
ming a unit weight, the adopted unit weight was based on the assumed 


unit weights of the several types of material in the trash pile. Additional 
discussion on the adopted unit weights is presented in Appendix A, 


D49. Surcharge Loadings. Surcharge loadings, equivalent to live load- 
ings, were used in the stability analyses and are as follows: 


(1) Along the centerline of relocated Baltimore and Ohio Railroad 
mainline, the surcharge loading used was equivalent to 10,000 lbs./ft. 
distributed over a width of 10 feet. 


(2) Along the top of levee, the surcharge loading used was 
2 feet of earthfill (equivalent truck loading). 


D50. Computer and Manual Solutions. The slope stability analyses 
were run using a computer program. The computer program used is based 
on the Circular Arc Method as presented in EM 1110-2-1902, dated 

27 December 1960. The cross-sections selected for the stability analyses 
and the results of the computer solution are presented in Subappendix D4 
on Plates D4-1 through D4-7, inclusive. A manual check was run for both 
the End of Construction Condition and Sudden Drawdown Condition. The 
purpose of the manual computations was to verify the results of the com- 
puter solution. Arc No. 2 from Plate D4-4, Left Bank Floodway Channel 
at Station 89+50F, was selected for the manual check. The manual check 
computations for the Sudden Drawdown Condition are presented in Sub- 
appendix D4 on Plate D4-8, and the manual check computations for the 
End of Construction Condition are presented on Plate D4-9. The manual 
check computations were based on Modified Swedish Method as outlined 
in EM 1110-2-1902, dated 1 April 1970. Consideration was given to the 
affects of the relocated Baltimore and Ohio Railroad mainline embankment 
and loadings on the stability of the Norfolk and Western Railroad embank- 
ment. The relocated mainline embankment will be adjacent to and essen- 
tially parallel to the existing Norfolk and Western Railroad embankment. 
At the upstream end of the relocation, the grade of the relocated Baltimore 
and Ohio Railroad mainline will be about 20 feet below that of the Norfolk 
and Western Railroad. As the relocated mainline proceeds downstream, 
this differential decreases uniformly and the grades of the two tracks are 
about level at the mainline bridge. Where there is no differential or only 


caer ceenemneetlnmelitta es MOS tase nn natciasetnatetinlins tls cen ta? sane ee Oe 


a small differential between the grades of the two tracks, it is apparent that 

the relocated mainline embankment and loadings will have no adverse 

affects on the stability of the Norfolk and Western Railroad embankment. 

Where there is a larger differential between the grades of the two tracks, 

the mainline embankment is essentially acting as a stabilizing fill at the 

toe of the Norfolk and Western Railroad embankment. Rather than having 

an adverse affect, the relocated mainline embankment would be improving 

the overall stability of the Norfolk and Western Railroad embankment. It 

is significant to note that the embankment slope of the Norfolk and Western 

Railroad embankment is as steep as 1V0on1.5H. Whereas the embankment 

slope of the relocated mainline is 1V on 2.5H. Dynamic train loadings 

could be comparable to the vertical component of an earthquake loading 

but of a smaller magnitude. Normally, it can be assumed that if an em- 

bankment has adequate factors of safety for static loadings, it would be 

stable for small earthquake loadings. Therefore, the Baltimore and Ohio 

Railroad dynamic train loadings are not expected to affect the stability of 

the Norfolk and Western Railroad embankment. The Norfolk and Western Rail- 

road has experienced slope stability problems with the cut slope on the north 

side of the Norfolk and Western Railroad track . As the Norfolk and Western 

cut slope is farther away from the relocated Baltimore and Ohio Railroad track 4 
than the Norfolk and Western Railroad embankment, the relocated Baltimore 5 
and Ohio Railroad track has less effect on the Norfolk and Western cut slope 2 
than it does on the Norfolk and Western Railroad embankment. Therefore, 
the relocated Baltimore and Ohio Railroad embankment and train loadings will 
have no adverse effect on the Norfolk and Western cut slope. As outlined in 
Paragraph D49, surcharge loadings, equivalent to live loadings, were used 
in the stability analysis of the mainline embankment. 


DS1. Summary of Results. Results of the computer solutions and manual 
check computations for the slope stability analyses are as follows: 


COMPUTER SOLUTION SUMMARY 


Factor of Safety 


Sudden End of 
Plate No. Drawdown Construction 
Subappendix D4 Location Condition Condition 

D4-1 Right Bank, Diversion { 

Channel, Sta. 64+00D 1.28 1.17 
D4-2 Left Bank, Diversion 

Channel, Sta. 64+00D 1.76 3.69 
D4-3 Left Bank, Modified 

Channel, Sta. 80+00M 1.64 2.32 
D4-4 Left Bank, Floodway 

Channel, Sta. 89+50F 1.50 2.52 
D4-5 Left Bank, Floodway 

Channel, Sta. 102+00F 1.78 2.80 
D4-6 Left Bank, Floodway 

Channel, Sta. 108+25F 2.21 3.71 
D4-7 Levee, Floodway Chan- 

nel, Sta. 111+00F 2.58 6.30 
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MANUAL CHECK SUMMARY 


Factor of Safety 
Manual Computer 


Check _Solution 


(1) | Sudden Drawdown Condition, Arc. No. 2, 

Left Bank, Floodway Channel, Sta. 89+50F 

(Subappendix D4, Plate D4-8) 1.58 1.50* 
(2) End of Construction Condition, Arc. No. 2, 

Left Bank, Floodway Channel, Sta. 89+S0F 

(Subappendix D4, Plate D4-9) 3.44 3.49* 


* Subappendix D4, Plate D4-4, 


D52. Discussion on Stability Analyses. The number of arcs shown on 
the Plates in Subappendix D4 are representative of the arcs analyzed. In 
all cases the arc with the lowest factor of safety is presented. 


DS53. Except for the results of the stability analysis on the cut through 
the trash pile (Subappendix D4, Plate D4-1), the factors of safety obtained 
for both the End of Construction and Sudden Drawdown Conditions are con- 
siderably higher than the minimum required factor of safety. The high fac- 
tors of safety obtained for the End of Construction Condition can generally 
be attributed to the relatively high adopted design values used for cohesion 
for the various soils involved. 


D54. The high factors of safety obtained for the Sudden Drawdown Con~ 
dition cannot be attributed to either the adopted design value for angle of 
internal friction or cohesion for the various soils involved. The high fac- 
tors of safety obtained are believed to be attributed to a combination of 
factors; such as, assumed phreatic line, adopted shear parameters, and 
side slope. 


DS5. The channel side slopes used for the various sections analyzed 
were selected during the initial studies made in connection with the prep- 
aration of Appendix B. The side slopes selected were believed to be 
slightly flatter than would theoretically be required to satisfy slope stabil- 
ity criteria. A conservative approach was taken because if it were found 
that the slopes were too steep, flattening the slopes to satisfy stability 
criteria would result in major changes to the alignments of the floodway, 
modified, and diversion channels. This, in turn, would result in a delay 
in completion of the project design. Therefore, as expected, the side 
slopes are conservative, except for the diversion channel cut at the trash 
pile. 


D56. For the diversion channel cut in the trash pile, the factor of safety 
for the End of Construction Condition was 1.17 compared with the minimum 
required value of 1.3. It is apparent that the low factor of safety is attri- 
buted to the shear strength parameters adopted for the trash pile material. 
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The adopted shear parameters for the trash material was 30° for angle of 
internal friction and zero for cohesion. A detailed discussion on how 
these parameters were selected is presented in Appendix A. It is believed 
that these parameters are on the conservative side for several reasons. 
The angle of inclination of the existing slope of the trash pile varies be- 
tween 33° and 38°. The actual angle of internal friction is believed to be 
considerably more than the assumed 30°. Also, the trash material is 
believed to have some cohesion. A small amount of cohesion for the trash 
material would make the factor of safety higher. Because of these von- 
siderations, the factor of safety of 1.17 obtained is accepted. It is not 
believed that flattening the slope of the cut to obtain the 1.3 factor of 
safety is warranted. 


D57. The difference in the results between the computer solution and 
manual check is relatively small and is considered acceptable. Since the 
manual check gave slightly greater factors of safety than the computer 
solution, the computer solution is slightly conservative. The difference 
can be attributed to the difference in method of analysis and also to the 
normal inaccuracies expected in the graphical procedure used for the 
manual check. 


D57a. Engineering Data Required for Levee, Earthfill in Zoo Floodplain, 
and Railroad Embankments. Earthen material required for the levee and 
earthfill in Zoo floodplain will be obtained from required common exca- 
vation. Earthen material required for the railroad embankments will be 
obtained from both required common excavation and from the designated 
offsite borrow area. A detailed description of these materials along with 
laboratory test data is presented in Appendix A. 


DS7b. Material for the levee and earthfill in Zoo floodplain will consist 
primarily of the impervious project soils consisting of sandy, silty 

clay, classified as CL. The material shall contain a minimum of 

20 percent passing the No. 200 sieve, and it shall have a minimum plas- 
ticity index of 3. The moisture content after compaction shall be within 
the limits of 2 percentage points above optimum and 2 percentage points 
below optimum. Material shall be compacted to 95 percent of Standard 
Proctor Density. The levee and earthfill in Zoo floodplain shall not have 
stones, rocks, and rock fragments larger than 2/3 the placement lift 
thickness. 


DS57c. Material for the railroad embankments shall consist of earth mate- 
rials obtained from required excavation and designated borrow area which 
are suitable for use in the railroad embankments. The moisture content 
after compaction shall be within the limits of 2 percentage points above 
optimum and 2 percentage points below optimum. Material shall be 
compacted to 95 percent of Standard Proctor Density. The embankment 
shall not have stones, rocks, and rock fragments larger than 2/3 the 


placement lift thickness. 
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SECTION E 
RAILROAD RELOCATIONS 


Dss. General. Several alignments of the relocated Baltimore and Ohio 
Railroad mainline and spurline were presented in Appendix B, Alternative 
Studies, and one alignment of the mainline and spurline was selected for 
final design. Since completion of the Alternative Studies, detailed field 
surveys of selected portions of the existing railroad facilities at the proj- 
ect site were performed. Accurate horizontal and vertical survey data of 
the existing railroad facilities was needed for finalizing the design of 
mainline and spurline alignments. 


DS9. The selected mainline and spurline alignments have been refined 
and coordinated to accommodate all constraints of the floodway channel, 
modified channel, diversion channel, Baltimore and Ohio Railroad main- 
line and spurline, and the Norfolk and Western Railroad. 


D60. Design Criteria and Procedures. The horizontal and vertical 
geometry was located and coordinated in the final position using the stan- 
dard design criteria furnished by the Chessie System. The horizontal 
criteria is based on Engineering Bulletin No. R-13, dated April 18, 1977. 
The vertical criteria is based on the Pamphlet package from the Chessie 
System, dated June 19, 1978. The track roadbed typical sections were 
taken from the “Roadbed and Ballast Sections for New Construction", 
dated January 23, 1964. The roadbed drainage for pipe locations and 
sizes is based on the U.S. Department of Transportation "Hydraulic 
Engineering Circular No. 12" and “Hydraulic Design Series No. 3”. The 
slope stability analyses of the relocated railroad embankment sections 
are presented in Section D and Subappendix D4. A listing of design 
criteria and design calculations for the final location of the relocated 
mainline and the spurline alignments are presented in Subappendix D5, 
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: | : ae 
i | 7.GX3G% ou | 11d] 1. B90 iidt x1. 800; 2.054 14 
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NE = foment af foe aus of Pensle 
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Combined with normal load. 


KF = The resisting moment pes the sechon 
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C wittout compression steel ) 
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Area of feasrk rei forcement 
External moment (H.-kps) 
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U) ETL W/o -t- 236 : “Design Criteria ~ Paved Concrete 
Fleod Control Chamels ie Zodune 1978. 
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Disc issron on Design 


ETL WMO-4- 236 > ovtlaes the proce dure Jor 
Design of a paved concrete slab for flood control 
projects. Althovyh rhe chute ~ fran stron 15 not exactly 
a paved cAaaael , some of Fhe design criteria ja 
rhe ETL 13 beheved +o be applica bh. a imporfant 
tentuce of fhe design ss fhe subd ramaye system. 
An excerpt Ye Jae ETL 5 as follows * Selechion 
of ie Ae for soil phys and dram outlets needs 
+o Consider the pre 7 fe for Maximum rovad water 
Sur fate. For cases where we water fable u,t// 
not be aheve fhe channel invert a seb drang é 
System wil mot bE required.” 

Tbe chife- traasition for fhe Bug Creek Flood 
Confrol Project ws dL fo ecent en a2 chanel tor 
Qn ordinary Flood Control Pra ect 1a that it ‘Ss wer 
located in the ei haa dal stream. The preseat water fable 
Go} Phe: -dowaitrean ead of He chifex Honsition ay 
abet / Loop above s/ab grede, Affer Conyle tion 
of Pre pryct, vt it ewected that fae normal watt 
table will be below the slab rade. The of tream end 
of Me chule- pransition 1s above fhe puo- barrel Conduit. 
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74e normal water tabfe along this peach ws 
expected +o be pbelas fhe slab grade. 

Tae above factors must be taken ynko 
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Al Nhough ~ svb Crainayse system may not be 
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a sed dean dv @utdesna Con ition. 
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~ Slab Destin 


!. Compressive s treay th at Comrete = 3,000 Ps! 
@ 28 days. 
Zz. Grede 4o rein forcing steel. 
3. An excesst yas ETL Wlo-t- 236 IS as follows: 
“ Fer U- chanaehk, fre mamem Aackness } 
of the well aad invert slob should wok : 
be fess than 0" aed preferably ja: 
Other re tanyu lar shaped zhaaaels should 
also Aave a mininem thickness SF wel 
and footy of it" * 
Base om xhis, fhe absolute pinnae ¢hickness 
of fre sleh ss 2". 
4, Cons: decretion should he piven to the Following : 
Q. The chute / -ranssFjon will fe used @s 
a rosdway for ohn Nag Bole ward, 
b. 4 reach ‘of’ He chide hes an 87 Fr 
Slope with supercritical velocities. 


C. The down streagn ead of phe chute ads 
ava Com bration trensitien & stilling 
basia. 
Althouse svb draney€ system is 
aan the downstream end 
the chy e/ fransition Aas a Zero 
percent slo ge which cavld possibly 
make fhe sub dranaye system less then 
oe 100 Ye effectwe - ae there could 

possibly be wyphf on the slab atter 

a flood. Becavie of this, a design 

critera estabhshed for fhe slab is 
a Prat it should be ad/e +o resat a un borer 

up Pt egual toa Z-hoof hydrostatne heed. 

esis Di-7/ 


ase ere ee 


am 


sunszcr_ CAVE - 7A NSM AT vfSTKEAM FILE HO. 
saan eet Oa ENO OF  PLOJET earn. ___.or__._ anaes 
HARniesuns. be : For f Cc Loos CON Theol Pi OJECT™ 


COMPUTED a, ct eee PPM i seer <r wv tn vars 
Slab Design - Cont ‘d. 


e. Because mks fae openings ja Me wells or 
Brookside Pack Drive avd fhe Araesrs fo 
the Zoo, fhe hydrach< pec Le nance is 
uncer fawn at ub, pact DS fhe 
chute J fransit ion. 

f. SoH and cnders will probably be placed 
on Joba Nagy Bovlevard jn fhe wun ter, 

5. Considering toe shtas ovtliaed above , a /s 
believed prt a consecratwe desyn 13 
warranted , gad an /e@” tack slab 1 selected, 


6. Vat ts. 


a eS. 
GL25H = 15 1150 : ee 
> LS * SonL 5 x 
A= 3.6" /4 


Fae slab can Hake an uph tf Yi roy ae 
Tas 0s greater tran 3.0 


Oks 
JZ Steel Lantorcemeat ho Temperature § Snkage 


fren EM ttto-2- 2103, Pacey rofh (04 0) , 
Jeonpera pure ad Srunkye peatarenest = 


= 0.207, + 
O.LS5 fp Jor slabs exposed td weather = O.25%. 
Thsis O. 25%, of grett cress - sectional area 
wih hal F yo each acee 


002S NS 194 = O54 WW" /fooT 


pv 0.547 O27 NS POT 7eP ¥ G7T04. 
Vse *5 @it Te § Bottom ( As= 0.31 WIFI. 
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Z7t Wo-t- 230, FPararyh 6b, recommends 
Continseusly reyforce Concrete, THis wael be 
prec tical for a lon aved concrete chann e/, 
bet it ‘s not believed ts de practical ~ 

the chute / Srensihion structure Qa the BE Geek 
pre ect. Genera i, , fhe pfransvene the Cnarucl 
te Ay) 1” She sleb will be the Same as Me 
aints In he walls. EM M0- 2- 2S, 
Farayraps 9b, states thet ” /A has been 
demons trated hat, fo be most effechre, the 


Contraction Jomts generally Should be space 
wot _more fhen 39 Leet aparh 


4 Heansvuse joint spacing of Zs Ret 
will be used for walls aad sles ° Long Fudronad 


pints acatlel A Alo) will hare fo Var fo 
4 a! gemnthy ey witloas) Je grate dae 
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g ken forcing Steel Clearance 


Fred E19 11/9-2- 2/0 %, Paragraph a, a ras 
Clear CoveT 7/5 reguire r orm ed or 
screeded Sp Loves subject xo brig h velroty 


Llows such Gs ose wer and stMiag basin 4 
slabs. 4 


Because i supercritical polices on Fae 
cAv de aay because HA wilf ae ved asa 
roadwa ¢ Jeha a Bow @ var Aa 6 
Gets warranted Ve. the Jap enlcdegade 
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rein forcem ent; 
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PAK DLINE 


The slab ¥er7 ion vite Le Hee chute treason 
wil alede aeeke Whe? 2feb Jeading fo the udder sass. 
This 1s believed warranted because of the potential 
Aor ph Ft and because cf us put Py Soha Hayy blvd. 


S£hG Fok Zoo Access foAL 


4A pedi don nw shld Hackness IS er Jo 
be warradel Loe the [2 dione ges The 
road gilt prot be vse re vent an because 
JFis on aw 12 grade be pee Le yl 
~ 1S tet grertem Mee “subdrangt system should Jone fon 
Yao) ert - Clearanc€e eg yiveadats “~ £e¢in rcemont ts 
ah be great as ge the chute J proasihion aad 


ACh ot be geod Lee +og steel, 


A 15" stb us selected, 

Uff 1 Az prs x% (S°for.s = 2.9! 
| The slab can ress? a@u yhtt if 
20' 2 OK. 


Sfeel Peufocenint: -002S X /2ZS x (44 = As 


As = 0,48 Wf Fool 
0.225 /V'/FoT Top J Bittom 


; Use *4 @10 Zep Sf Lnt7om 


(Ase 0,24 1n."/foor) 
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LOADING CONVITIN Fok L-WALULS 
Sudden Drasdown Condition 
1, Water in transition af chemel grade. 
2. Backfill @ inches below op of wall. 
3. Backfill submerged to an elevation midway befueen | 


the desuyn water sucface ard channel grade 
( Corresponds to phe assum pfion of a 50 1. 
efflectwe dranaye system). 

| 


4. Back bil above the level ve submergence 
naturally drained, 


S17 aterel ear pressure from bak hl based on Qn 
at- rest pressure coef fiaeat (kr = 0.60). 


é. Uph tt un form across the base (pressure 
egual to redued Ay drosta hic head in back fill ). 
UPLIFT CONDITION FoR M100LE SLAB 
Slab desiyncd ho resist a Bre See ph th based 


On sme head rom fhe sudden Or aw dawn con fron. 
C Uph#t same oS 6, aboye ). 


0/-38 


eats ‘ 


iin selten — 


GANNETT FLEMING CORDDRY OF THK = AC LED CONDUIT Ee 2 


AND CARPENTER, ING. 


iad Harriesure. Pa. 


wvesecr_ CONCLETE” TRANSIHON AT END uawe_1G2t 


oF enagTs 


ron 1G LEK fivcd CONMOL SLOJELT 
ComPuTE&O mn cad eS hats Me pv FEM pare 3 4-77 


STABILITY CLITERIOA Fok L-WALLS 


fe Kesultant shall be within fhe mddle half 
of sre base. 


2. Shee -feytion factr of sate ty hall not be 
less phan 4. 


3. Maximum Sounda han pre SSvtl shall not eveed 
io kys per sgvere Soot 
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Ke terence >: £72 1/0 -2-/184, 25 Soird) 974, 
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“ Gravity Dom Desiya- Stabs 
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Sheer- fri tion SG te ty fac tor 
Unit Shearing strength at Zero normal 


load Alony Lasure plane (Use Z00 pst) 


Sumation of horitontel forces. 
Area of resistance. 
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Compacted Back hl } mous? & satvraped w= JZ 5 Yey3 
Compacted Beck till j submerged 


; 615 
Concrete ,» Plan ¢ henbortd. 1G 0° 
ape ee 


ALLowWAblLE STLESSES 
Lelerene: EM Jito-/-Z10t 
te = 4,050 psy 


A = Zo, 000 pr! 
l= G14 


LEIN POKING STEEL cL ePh Aces 


Lelerene : G7 /M0-2@-2(02 
j Middle Slab L-Wall 
lg << 


ap 


GANNETT FLEMING CORDORY 


AND CARPENTER, INC. 
MaARRiseuURG,. Pa. 


TYPICAL SECTION 


svencr CONCRETE TRANSITION AT ENDrue 
OF TtiREe BARREL Colbuiy 


SHEET NO. or 


STATION 90¢26M 9OTOOM 89 48,5M BIT7ISM BIFSOM. 


G RADE 564.45 603.0 601.8 
JOP OF WALL 61645 61a 616-5 


WATER 613.4 613.4 613.4 
BACKFILL 616.0 616.0 GIG.O 
ys Mee 
o He, 6/6. 57— 


NOTE: 
Design based ou 
Sector @ Sta.89+504 


60/,4 LOMF 
616.5 C16. 
613.4 613.4 
607.0 602.0 


SECTION AT STA. 89+S50/9 


YX Fiat Atpir1s1 ois. NE Yh pe wrth 


Ol-42 


these lids; However 
ws exact valves will be shewn on the centrach drawngs. 


wo 222,00 _ 


canwerr Fuswne Conpony “sper CONGRETE TRANSITION AT END mam 2622.00 
-OF THREE BARREL CONDUIT sxesy no or 


AND CARPENTER. INC. 
HarniasurRa, Pa. 


for 


COMPUTED ee . > cusengo sy FM pars 2-4-1970 
STABUITY -/“@F7. BASE 


, 
, I! ” SAT 
22° 12,0" 
We ISIXLSX SS 
We EXOXSX VIS 
Ws 2X6 XS 
We 86x.5° X25 
ca We EX. SKOXS 
H, £x.125X.6 XFG" 2.77 
H. 125 X.6 XZ6X8 5.16 
Hs 4£x.0625x p* 2.00 
; Hg $X.0625X.LxF 120 
UGXSOX.0625 : 
4.81 1113 124.85 149.69 
=M= 24,84 
Lule 24.84 _ , 
G7 Att Se ae toler Ft 
Resultant wiTn middle ha lf, pa OKs 
; 2 S - SA. 200K 16x44 _ 4 2 OL, 
; Sf” £4 (013 WEISS 
f ee 8} 
2 
= >=x—-= ea. CLK, 
p 3e, 3X ec .62 <10 KSF , 
¥ See Pag ¢ OI-43.a DI-43 


se aye 
Saab, iM ne 


suasecr_CONCK ERE THAWS1 TO) AT E09 reno, 
Sea ce tenntem ene OF Tobe = Bak bet Cor DT rawr wo 


—S or enaggre 
HARRisauna. Pa von_O/) ckckk Flow Con Hol fKOJECT 
=* coupure sy__ F$ FCT __ “1 para LI3S=7F | 3-77 cwecnso av_ _____. bars 


Diseysion and Keferene of Formula: ty=2ZV 


3 Ce 
ke ferences : 
(1) Foundahen Anahi sis aad Desiyn b 
Jaseph E. Bowles, Me Griw-HH, 1972, Puye 257, 
(2) Foun dla trou En mcering by feck, Han sou aad 
Thorn bev, John wiley, 1953 faye 327, 
(3) De sige of Comrcte Structure s Y G. Water 
and AH. Alsen , 7c Grau -Hyll (972, Page 397. 


The EAR P 4 or ~ = ZeV 1S only 


| 5 
applcable when the reselfaat falls outside 
Hire puddle tard , ne. stress dy) stributionr 1S 
7riang lar, 


2V = Total ver tical Lr ' 
Ce = Distance of resv/faa} trom fre = “/3 
( 


bi CE = 6 \ ‘ 
z2<cvyz-fLl' = fx Zeb | | ev 


NOTE? The foernvla used on PN 
Page OV and D1-44 U5 used 
doe Frapetordel s tress dis tei bu fron L! 
1.e, when re su] fant within middle Ihied. oe 4 


0/-43a 


GANNETT FLEMING CORDORY 
AND CARPENTER. INC. 
HARRISBURG. Pa. 


SHEET NO. or 


FOR 


svsecr CONCRETE. TRANSITION AT END pus wo, Lo22.00 _ 
-OF THREE BARREL CONDUIT 


¥ . 
compuran oy__ WES oave__ ewer oy FEM care 4-17 


STABILITY - 22 Fr BASE 


Y 22xXRX, 0625 
3.61 NB 18185 231.96 
<M = SOI 
| e550 eye E = Ab. age cieso 
Ayl= 16,50 
ML= 10.5 Resuttawt within middle half , » OK. 
: 4 Sp & SA = 200HAKIM. 56.93 > 4 , OK. 
7 f on vfs 6(*% ~ Cr = 24 [i- HI BAD) =29 Kt 
i] cS : oe - 03 KSF 
: f < 1OkKSF, 2 OK. * 
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svener CONCRETE TRANSITION AT END usw 2622-00 
QF THREE BARREL CONDUIT __ 


GANNETT FLEMING CORDORY 
AND CARPENTER, INC. 
| : HARRISBURG. Pa. 


SHEET NO.OF SHEETS 


TT RTS 


aera e mae 


ire ie i 


3 
Mp = (.6)./25 (8.6) .38 = 9.06 ‘KA 

Na =L_LFOX9IX. SO = 2.05 ~ | 
Ma =b (698.6(3+. 38486) +.65x 3% .O62SK3, 610625 x 3x, 38 
er Be ee. re 

Mg = 20-91% 

= (12KTH 25%3 .25%3) .25ARE) ne, 
Np = (12.1 + 2523), 1S4 (25% 4 (2523.09 


ra ie 


: 3 
M, = 2OSKBOG+ san ge)t 65164 O62SKC, py nersxern.38 
2 2 ix > 


Mo= 41.39 Ny, 


No = (MEISE S XG IF (SHE rey 2.6) 128 4356 
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evener CONCRETE TRANSITION AT END rnusne 2222.00 _ 
OF THREE BARREL CONDUIT 


GANNETT FLEMING CORDORY 
ANO CARPENTER, INC. 
HARRISBURG. Pa. 


SHEKT NO.OF 


For 


0 
COMPUTED BY WS orre 3/1/29 enscnso ev EF Ai vere 3-49-14 
WALL DESIGN 7 


‘Pont A M= 906 W=2.05 
_ bd? 12 V4.5) , 
P+ a007 12,000 = %2!) ; 
M = 9.06 
KF=a(S2 X,2Z2/ = 34,96 . 
ares No As 
© -'2%I 06 1 SS 2 SRR Eo 4.88 
2,05 =. : 
IOS 3 a : : 
YY = 2293 = 4,03 f=. P? C = L2zg 
a sei a= 1.48 | 
o NE  _ 
As = “gt oo: ras 


x Des: 1) based on USF o / AcI SP+3; Fein dened 
Conacte De syn tard book - Work ing Stress De syne 
For te-om mology Fee Page Dt-Zla- 


| GANNETT FLEMING CORDORY "0! a CONCRETE. TRANSITION AT END. PEE UBAPRER CONDU wo._1622.00 


SHEET NO.OF GHEETS 


ANO CARPENTER. INC. 


HARRisBURG. Pa. ne 


COMPUTED ev WS bis Z CHECKED BY FFA ware 3-42 ff 


_EOOTING DESIGN - /6 F7 BASE 
iar 


oe Ss! 
ee, 


M=|£ (a+26) 


ne . 
- eee) 
Mom, KAT As = 748k205 


2 
Me = £ (.sttex,92 ) = 13,32 44 we 
2 129% ¥ = 29.36 33 
Me 2 (.460+2x §2) 
oe “Z 
19.5 (3994 2x82) = 37.50 1.24 
M r 
G 
M. 2 ie 339 +2X82) = 47.54 1.57 
H eos 
M, =(3684 2 %.20) + / 5 X-259x 148 | 48 = sgn ee 


y= 954 2 28 psi < 60 Pi! 
12% 20.5 
OK. @ Face ae OKO@ be, 


« 


* The effect of lorlllea / perce Ss ‘$s 4) CGIECIEL 1) erupting AS 
L/- 47 
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a | a oo ae 


t 
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GANNETT FLEMING CORDORY wvencr CONCRETE TRANSYULON AT END rus no. far 0 
OF THREE BARREL CONDUIT sneer ne Lf 


AND CARPENTER. IN... 


FOR 


EEE RIN _BIG CREEK Froan : 
computes erga ae (aes ve 4-1 


K-FT/eyr, = As > Tay DOF 
; IN 2 


M,= ee : 30.62 1,00 


a = te” (ax. 419 ¥ 23 Je 4551 1,50 
M, = a 


—% 
My = LE (ax .942 4.23 ) = 60-46 198 
. | 
K-FT 
My = -265°4 2 (436+ 2x49 )e -2.7/ €T 
V = ~MH2 £22 x18 = 6,048 * 


: are = 24,6 ps! < 60 ps! 
3 0.K @ Face ..0.% @ 4; 


» the effeck of normal ferces is negleched in Computing he 
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GANNETT FLEMING CORDDRY 
ANO CARPENTER. INC. : sangeet: 
HaRRisBuURG. PA. 


svencr CONCRETE TRANSITION AT END mneno Ze 22-90 _ 
OF THREE BARREL CONDUIT 


or 


14 
E 
wm 12’ 
oO 
< 
ae 
jo 
ud) 
< 
oO 
8 
ee uJ 
> 
re) 
m~ 
<, 
6, 
3) n 
zZ N 
S . 
n 4’ 2) & 
LH 1 z 
a ane 
z N 
~ ft SS) g 
a a \9 
"ge 4 
i bd 
e aS 
a3 


0 as 40 As” 
AREA REINFORCING STEEL (IN.*/L.F.) 


OY - 49 


a ae aaa ate 


vesecrC ONC TRANSITION AT END (622.900 
GANNETT FLEMING CorDoRY * wsncr COMCKETE spas eg 3 
AND CARPENTER. INC. ee 
Ss HARRis@uUAG. PA. yon 
comPuTeD we MES eaxe CHECKED ev ___ FFM care 324-17 


# 9@ 6,4: 2.00 NUL 


rN) 
iS 


LS 
NOTE: Design based on 


Foot my with 22 FA hase. 


#4@I, As= 1.00 t\N'/LF 


9 


16 FT. BASE 


AREA REINFORCING STEEL CIN /L.F) 
~ 
“ 


Zl FT, BASE 


5’ 10’ 7S? 


DISTANCE FROM FACE OF WALL (FT.) 


PLEA OF FOOTING KLEIN FOLKUNG, STEEL 


VS 
OISTAN FKOA FACE Of WALL 


GANNETT FLEMING CORDDRY 
AND CARPENTER, INC. 
HARRIeBURG. Pa. 


suplgcr. CONCLETE JEANS INOW AT END wie ea 
OF THKEE- GAKLEL CON pv iT 


SHEET NO. / or 


COMPUTED BY. 


” Detals ax Ten Force meat- fy dravlic 
Structures ”. 


For the stem, Parasrygh 106 U) 15 applicable. 

Cleveland /$ Cons; dered fo be naw regron wit 

severe chmatsc tem ptrafure conditions and 

25 %o will be added +o the 0.20 Ve at gross arc’. 

0.20% «425 = 0.257 

As = 0.0025 x ross Cress = ST isnal area 
Aalf 1n each face, uth A maéxXimem 


of #6 @/T. 


) 


For Stem Chict ness Cé) = La 
As= O,00tS « £54 (44 = 0.54% NYT. 
As2 0.27 tn'/ FT 7 each face. 


Vse #5 @ /Z CAs=z O, 3/ mn*/FT).C id ¢) 


For stem Hackness(€) =Zo' 
As = 0.0025 * 20% /4G= O94 IN*/FT. 
As oO, 36 Nf FT. In each face 


Jse #5@10 CAs= 0.37 W*SFT) (Ariz.) 


Use 46 @/L (Ase 0.94) (Vertical ) 


For fae staboft hel- wall , Par age agh /0Ob @) 

ss applcabh, As abwe, add 25Fo. 

As= 0.20 74125 = 0.257 of gross avea 
As = 0.0025 x ross Cross- Sectional arca , 
half in cach direction jn foe opposite face (top ), 
with A MAaRinum of #6 @ /Z. No reinfortemeay iS 
re vired in fhe res traned face ( bottom): howe, 
#e @ 249 spacer Lacs will be prowided(See Note 
Paye OI~St). O-St 


ee nee Seen 


ron 81G CLEEK Foon COnyTko MouetT 
tt al ace oars 2726-79 camcean ev FFM care 3-4-1) 


Zemperadure & Shrinkage Len forremeat for L- Walls 


Kekerence: LAA /H9072-2/03 Z,/ May /97/, 


euesecr CONCKETE TRANSITION AT END __ 


FILE NO. < 
GANNETT FLEMING CORDDRY a aes: YAIR. AR via 
aes _ °F THREE BAER CONDUIT sneer no 7_or____snanre 
ae a hentai x: ron 8G ChLEEL Flood ConfLol floJarr 
, COMPUTED BY__ FE vara 2726774 CHECKED BY FFM carat 2-4-7297 = | 


Slab of phe L- wall - Contd. 


i As = 0.0005 x Zo x sh} = a a hd 
i As= 0.36 “NYFF yn Cuth direchon 


se HHO UM C As* O, 44 Wh) FT) 


Main steel will govern for steel hormel to 
wall dct shell wot “Be fess fan *O@IL. 


+ #I5@/0 (As = 0.37) would ead | 
satsly vwTemer] | 
row ever, #6 @/2 Is 
selected asa 
con servatwe design 
SI*NCR MO Len forcemen 

i /n bottom (ohe- Man 
sfPacer bars). 


aS@ILEF 


NOTE: 
Spacer bars are needed 
for the main ein forcenet 
at bottom ot slab. Size 
Gad Fai selected 
based on se ae 
Judgement Se an 


spaang 45 aot Conv dered L- Well 

fo be exesswve. Ths 

sr2e and spacing Aas Tempera} vie 4 Shankaye Lentorce meat 
been used on 

simbar hydravle struc tures. 


ree 
( 


CONCLETE 7ThAIS TION Ay EWO OF 1622.00 
sussecT. Oe ee ee ne FUE O.. if; 
Oe a __ THEE - GALLE CoWbuiT cae lace = ait 
nm : AREER Te ING: von 81Q LEEK Fito) CoNthx LojaT 
ARRISBURG, PA. 
COMPUTED ev WES career ev FFM ow vet -77_ 


740 Bars @I7 


"y #6 G12 
S #5 @12 
Ry ' 
. 1 
Ss t 
5 4'C Ir. } 
8S 
3 iL ! 
—IConst, St ——— #4 @24 I 
i 92 6 GIL : 
= #6 @IL 3 


my ai 
r © 6E12 L/. Varves 
| w9@rz | (| O14 to 60445 


sussecr_ CONCLETE 7LANSTION AT EWP new 7OZ2 

PARNETY. PERMING CORDORY °5 "OF TNLER <BALDs CadOull meets LD a 

AND CARPENTER ING. on 1G CLEEK Flowd Con thor Laer ase 
eer: COMPUTED w FF vare_ 2-6-7 _ CHECKEO BY _f£ Edi DATE id -7¢ - 


g Mhidd hk Slad Design | 


Zo' 


8 


yl Ff ae sudden oe | | 


Arh do.ases evel bo 8o'head 


We. Conrete = Lou Lot ho’ « 150 4) cy 3 
= 300 48/ rf* 3 ‘ 
Uph tf = 80x 6t5 = 500°/ F7 


Uyhld - W7, Concrete = 500-300 = Zoo a Ae es 


Anchor bars nee ded db resst Zoo Ole * vph PA 
Use #1 Hooked Acuho- Lar grovded in 3"De. drilled 
hole. Anchor Bors wall extend 10 mto rock, Check 
anchor ber sfrenyfh f- rhe foHounng types of falies: 


f Ser farha ia Fea Sion (Use V4 = Zo, coop) 
Z, Bar 5! grovt pebiay out ; fat 15 bond 
Lo kwke between grout asd rock (Use A= 70 pri) 
3, Ber pulls ow; tet 18 hoad Lahre between 
grout and bar (Use Me 40 pst) 
4. ° Hooke petlay out, 
® : Aacher Bor Stren te 5 oe 1 = /, As = 20000 x /.56 
= 331, Zoo * —<— 
Archer Bar Streyth fr Ze x Cr KM 
= = fowl) « DT «x 90 = /Zo +30 x90 
= /o/, 790% —— 


ests 2/- SF 


GANNETT FLEMING Corpory “URES CONCKE JEM S/T 104 END onze no. 
Oe er mie Cee eee Ce er ae 

2 Hannionuns. Pa. yer 
compured sy___4_ FF 


72622 


marl £0779 euacean wy__FE £1 vare_3- 4-79 _ 


Mt, bd le Web Design - Cont'd. 


Sar Stren th fo- J = Lx Pau 
= form x 4.4309 x /4o 


Bar Strength be a 
From AC/- 318-77 , Pace. 12.5 


= Ci = 360 13000 = = /f, 8 p3t 
Sfreagth = 14,08 456 = 30, 10 * ——— 


Hoke a anchor bor will be footed over 


slab reabercay steel so strength actually 
mere, 


for design Purprses , vse Andee Bar S treayth 


= 30,000 


Anibor Bar S pacing : Area 


=e 
= 30000 /toatspy* 
= /50 77" 


ve One anchor hac peeded per 150 fe* 
of slab, 


As a puninee » place anchor bars @ 
about _so'ce ow one ger loo # 


sunsecr COVCLEJE TRANSITION AT END ee Aa ee 


GANNETT FLEMING nea OF THREE - BA {an co0uIT ere wa cee 
‘Miammeneera. ra BG LEK Flood con Phojer 
ad COMPUTED sv__ -F_ _vare_ 2-26 ~26- 7 CHECKED BY_. L&E d cate a 4-19 -¢- 


Middle Stab Desyn — Cont'd. 


Temperature g Shrink age Lit cement 


Para, 1061) of Erg i0-t- 2102 4s 
applica We ee toe slab, Same es 
ah Bl De Gall 


Ase 6.0025 4 2,05 /44:= 6,72 yn) FT 

As= 0,36 wwtfFr on each dhrection top 
of sleb only. 

No Peto remear (S regured ial restramed 


face C bottom). 
Use #6 @ st EWC As= 0.44 1/7). 


— of Middle Slab 

5.40" Pronde 4 pun. clr. to top 
-4 sy of AY anhor par. 
Toe “Dea. 


#11 Anchor Set clewane of #6@IL eid wtdeat 
Bar at 6 A 


lI- S@ 


} 
| 
t 
i 
| GANNETT FLEMING CORDORY 


FILE nO. 
SHEET HO. or euceTs 
AND CARPENTER. INC. 
Marnisauaa. Pa. |. SS See | ; 
compurso @Y acre BY 


Lilg CKEEK FLOOD CONTROL FRCJECT 


STRUCTURAL DESIGN 


CONCLETE FLUE ANDO KETAINIWG 
wALS AT WEST 257H ST. BLOGE 


DI - 57 


HARRISBURG, PA. 


‘ 

4 

8 : 

GANNETT FLEMING CORDORY eveecr__Divecsin Channel PT lyme mano. : 3 ; 
AND CARPENTER. INC. Re 2 phan Sie 7 epee eo Pr ey ee ~ 
FOR. q 

1 


the cdwersiori hae flume rs designed 
i ag an integra / U- Shape frame . Since the 
hights ef Ws walls are net Castant , The 
. flume has 6@en designed for Two Afferent 
| cress-sechm, For eccemeny anid Convenlsence 5 
the whole f/ome will consish af the felleming » 


1. Keach A”; 


fron Sia. 69472 40 sh. 6B4S4 
Sechon “A” for left half § Figh helf 
2. Keach 6 . 
from Sha. 68454 8 Sta. 08402 
: Sechon ‘“B for lef? half , Sec. A’ for Kiyht half i 
E 3_ Reach C" 
® from Sta. GF402 tt Sta. 674 74. 
Sec B for Left hall & Right. half. 


b/-S8 


O 
GANNETT FLEMING CorppRY ~~" rslo n F\ rus wo 622.00 _ 


2 SZ 
AND CARPENTER. INC. r a a wn LL or Atoms 
HARRISBURG, PA. ron z 
computeo wv WS onra_ 31/72 cnacuso ev FAL saved tt 
SO" Ls” 
rere ee ——— i 
i sg 


SECTION a 
Laading Criteria - sudden drawdown 


Flume Empty 

Hydrostatic head in beckfill at elevation 

midway befween flume grade and 

maximum weter surface ele vation. 

K, = 0.6 - 

Bac kfi ll Within = feet of top of wall 

Ne surcharge loading 

Rae SAMO SKIS = 318 

4 OSX 6.9 x61S = 0-4 
49.84 BY x /28= 9.20 


46.5% 8.0 X-128 = O-Soo 


4.763 
Conc ¢ Sal x 
6.2554). 15+ 2% 4,763" 2775" 4 
Veh ft 
54x.0625( 542.25) =2497% * 
3.283 “4 >Oo 
Pressure ory fomenhetten we No Flotation 


P $4 _ 06076 Ft KSF. 


+s Ps = 2607649 + 224) = 513889 KSF 


( kKeuc Nien on slab. 


Di-s7 


1 .O0 

GANNETT FLemine Corppry ™™er-DIVERSION CHANNEL FLUME ou. wm laZ 6.00 

AND CARPENTER. INC. SS OS Se SS O_o MET nO. or_2/_enaste 
Harniseuaa. Pa. 


K 
computes wr WS eave YY77 _ cuscago ey. ££ A) care 23 = 9-79 
Momedts flood s 


4 


4S 


~ 
4 4 
{ 
rue! 
Ma = GK TA G6 x. af S. 9 (hy 
3 
Mp = 6 XAZS x § X-3F - 73 'k 
—3 
= +OX N25K 11K. PF = 19,97'%, 
Me x ; 
a. z 3 
— . GX, )254ii SIZ, GX OCLSR IAB. O62SK3 
Mp= £ KDE + + sar aia 
2 Mp = 36.79% 
—Z. 2 3 j 
Me = Sa ay SREY KODE, OAS 54 2h 


D/i-éo 
ests 


GANNETT FLEMING CoroDory “*'**" DI E siesks ee 
ANO CARPENTER. INC. BIG CREEK ELOoD CONTROL PROIEC wo.) _or_/2" suesre 
Harnisauaa. PA. ron BIG CREEK FLOOD CONTROL PROJECT 


computao ee WS gare I/D? cnacnao ey FAT care 3-77 
Mewmauts.¢ Loads (Coutd.) 


POINT F 


ITEM | DESCRIPTION 


ST KBOK IST 

2-OX2.25K /S 
TX X SEAT 
TXB xX S2T 
HW*A XK 0.075 
[PX 725 x.075 


HORIZ. 


225 4 X.0375° 
7.25 %K.062S5 
O,S/38FIX 2.0 


Na= 45 X4r5xK/5 = 101% 


Np= BO XRLS HAT = 7. 9/ 


No = INSKI SKIS + So x ey2s(, ISt,125)+2 SK EK, (2S 
N= 2.85% 
Np = /4 SK SKIS + CREE /S+t,/25)+ ASK BX, /2T~ 3 9k 


Ne I6 Se Se bts) is HORS + ELS) [252476 * 
\ ae = 


Di- gil 


AD-A102 433 CORPS OF ENGINEERS BUFFALO NY BUFFALO OISTRICT 


F/6 13/2 
BIG GREEK FLOOD CONTROL PROJECT+ CLEVELAND+ OHIO. PHASE IZ GEN@-"ETC(U) 
AUG 7' 


UNCLASSIFIED NL 


2o0rQ 
apa 
Motes 


} | = 
sc aa { 2 § 
GANNETT FLEMING Corpory “”**" Weyl b muswe LBZ, OV 


VT eas 
AND CARPENTER. INC. sneer no. ror AE 
ee Haraissuas. Pa. ror s 
COMPUTED BY id 


Monts € Loads 


 ] Fomt G M= Me +fw (Founet a aphtt } mre site| WA 
— Ve 
M = 619 + (0.513997 - 2.15 0,150) x 2572. 
-4H) x15 = 50.72 kip-ft 


Porth =oMe GASP 4 C,576389 x 5-072 - 44] 5.0 
M: 4/.35 k-tt 

Port I — M= Bf AD + 0.196357 <= 15772 ~ HY x1 5,0 
M= 14.89 k-ft 


Pout kK M2 6/49 4 0.176389 x 75.072 -YAl «28.0 


M=6.07 k-f 
= romts © to KON = 1315 kip 
1S 
, é eo : 
e 2° 125 | 2.5 /o’ 1o° — 
- DI-6Z 


abe me 


wr S aay 
Lew ang 


wurscr Divevsier: Clauycl Fluiicns PO Ae “py BPD SEM 


GANNETT FLEMING CORDDRY 
saat ee ae ov_Zai_ensavs 


ANO CARPENTER. INC. 
Hareissura. Pa. 


pw ial 


V. 


rae ae 
compureo ev Py ore li /p lS cuncxes ev__WF ____oara 


peer he Dosian * 


Ly SPM bee K = ea? 
ie eo Bae es a 2 14g® 
He “SO Ge foe [|.o5 ks} 


* Design based on use of ACI SP-3 Aland bork. 
Fer Fe-maclogy See Page DI-Zta 


¢ % { 
@) Ke af , Where Repti Ws 13k 
Kis used wn eyyations 


Me he 2 pe bh dt 
we NES KF ’ 1Z000 


@ G2 fs ) ; ais used Nn equations : 


{Lev9d re is or As= NE 
| ad | adt 
W ere Pies 
I~ J Ye 
DIl- 63 


: GANNETT FLEMING Corpory “”*" reser C F rusve Lb2222D 
‘4 AND CARPENTER. INC. aye Sic overt we.© or LJ _onaure 
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| ; M- 5422 K-ift +3 = 20.0 ket A= 1.4% | 
: N= 4-76 kips fe = 3.0 Kst kz 182 
t= WW inches f6 = Lops Kar ) - 0,49 ou 
aA = 20.59 Inches N= 92 ke 0.326 r 
d= 8.5 inches 
e=> wM yds ix 5422 48,5 = 145.2 , 
N 4.76 
E = e/i2 = 12.4 
NE = 4.76 ~« 1L99 = 57:60 
KF = 152 x 20-57 = 63,88 
. 1009 
ee NE-KF = ae, 
ef/d = 45.28 2 7.08 
2005 
Be PE Mees, Se te ci tee: ee 
I~ jA/e 1- 0.89/7,.02 
As= NE = _5760 = 166. mwAt 
} ads US »« 20.6 « Ls 
j 
CHECK SHEAR : Vz 1-325 Kys at base of wall, 
V= Vx1ov0/bd 
= ABZ SKIS ‘<< 60ps/ 
iy V= tixzes 2 FFP P 7 
i 0.k. @ edge a ox @eg, 
7 trom Slab, ; 
i <4 
4 a x De sign based on vse Pe ACI 5P-3 Haad book, : 
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Pot A 8 a : 


— — 


Moi cut K - {+ 6 0.9f/ 7.30 {8.97 | 36.79 


N oy mal Kips } 1. oO), Le Of 2.49 3-95 
inches z 1 1% WO 14.0 20125 | 22,5 
d inches PY AGS | AGS LTE 4 19, 0 x 
I a 
KF 31.96) 3/1% | 42,64 | Sh87 
e 16.3 | 51.36 | 8650 | 119,52 
NE | e872] BB | A | 39.134 | 
Re 040/3 0.128 0.68 | 2a. 
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Flume a dasign 


¢ Flume. 


Kr Vrouw = 06X26 "9 
t.07S a 


Kv Vou © &OX0625 
~ 0315 


! 
| For Loading Condi tun sete: see sheuts [ ane( 2 
fomt A Me wh’/e = 0.075% 657K 3.97 k-ft 
: | ehtY > 10x15x0+150 = 1.58 Kips 
; ee | = 
| Pout B@ Mz 0.975% 65/2 (4.97) 625625 , LYESS x38 
F 4487S (2:5) 1S 
| M = 7.87+-/63 + 0-11¢/S522 9.67 k-ft 
N= UGxELE xO150 = 2.14 Kes 
| Powtc M=o07sy b57%2~(2, 7]. + 5.0) 
: + 0-0625x Spal IEKE® 385 4. UP F 
| M? \1,63+ 2.34.89 46.09 = 2004 k.ft 
3 N= 12,0 150% 0-150 = 2,70 Kips 
Totel wt = 2.25% (15415) x OO + 2.70 = 1164375 
bal Toty| pressure = L164 = 0.439387 KAT , upift se 7 
265" £10 
a Uphtt fressuve = (5.042.205 NOPEES@AISRAS Snr allt Consider 
BOI-68 | 
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tte Mom. at p Vevt? Horia Ooym Gis 


eaeamen aoe Cesta RE i 


Cone | 5X 14,25 x0-150| + 3-21 0.7 |-2.H0 

Sol >| 6.5 72x0. O7F +1568 (e597 13.58 . 
6.5 x 7,15 x 0.075 + 3.53 |2.50 + 9.64 : 
1-25°/2 > 0-062" tl.e4 [1-207 2-12 iF 
R2SK, XG,0375 +0,9B {1.63 {+ 1.6/ | 


0.75 |tO.50 


wee = ee a nee eee ere Bee, 


2.53 7.75" | 24,26 


fount & M* Mot [Cw Cup Lf ) zs ws (concrete) | ’/2 ~Vo f 


M=> 14,26+(0,453025 - 9.15 0x205 ¥ 2.5 72 - 2.53245 
M = 18.31 


Cont F Y = 14,26 + 0.15625 % 60/2 = 2,53x5.0 
M = 13.08 
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Ketan ing Wall Design 


Localed Upstream the Dwernion Channel Flume, Same 


\ wall section used for wingwall at eight bark and wall bebweer 
flume aad BGO LR, 8 eee 
El, b1s.0 SEL. BILE ; 
Eu 612.3 M.w. 5S, 


a 
Pessiee® 
YoRr ST [7 
tor —S Trial Dimensiums 
5.0 jas|_. 7.5 
2.0 Lo) Uplitt 
— ee 
Loading Cid Livy: ~ Sudden Drawdewn 


ty Chan nel Empty. . 
2. Sat Su bwic, yee to am eleva tw mee wry butween 
| fluo elavatins ancl cuannel grade Lso% 
A tow Actor : 
3. Rat rest 20/60 toy soil pressure for alt | 
4. Sol to widths 6 inches 
No surchcuge loading. 


iat 


Sa Vessuve 
¥ soul = Orde kK / f+? 
9 Yuster = 0.0605 & /ft? 


Kv soc! - 9.075 k /¢4° 
Ky v submerged sei] »O37S W/fy> 


sen eRe - 
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In stability analysis , the key will be jqnored 
and Footing shalt be assumed 
bottom 


sneer nO. 2 or 


flat acrdss 


Vevn Description 


| e 
Horiz.| Vert, | arm | Mo Me 
son {10.6 %.5X 0.075 | 4,21 


14,428 ' 60,74 
10.@Xx.07Sx 10.4) 7.27 5.2 | 42.99 
\OFnSX .0625| 3,38 3.4967) 172 
16.4°x.S%x.037S| 2.03 3952) 8.01 
CONC | LS KIDSK IS” 4.39 | ale as.23 
Ox. SKIS 2S GF33 | | S02 
2X ISX,IS F, 50 | 256 | | 33.75 
Solu | 1X 9x.125 | 1/3; 700 | | 7.68 
[K1OK. FKAAZS 63 | 7167 | 4.46 
| 7SKI90K.12S | 17-81 jn2so : 200,39 
Us| 2x5 XX, 0028 1-39] 250 14.06! 
| Be 4X Sk, SK, e235) - 3.949 | /4.00 |: 39,38 | 
1.89 23,39 (76.90 276.85 
L : 2 S- (26,20 = A 
F = 375 C, = Alb Blab? a4. 27 > 375 
ae S00" Resultant within middle half 
_ 8 ~ -200KITXI44G © oy, 
re eg 
&H _ 1789 . 
ay ee 7 165 


2V2 - 23392 5 3 
pe mers BPE = 345 < 10 RSF 
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couPuves BY 


ae 2.0 , ; 
: 10.4 Upl ft 
(2.3! 
26518 wae Foundation 
| 

fowl A a 

M= w?/2*-38 9.075 x 604 X38= 9.089 Kk-ft | i 

N 2 1.5 ¥ 650,150 = 1,46 Kips 
Fount ig 

| M= 0,075 >9.0°2*38 = 10,39 Kf ! 

} N= 15 & 9-6 X O50 = 2.14 kips 
fot a 

2 Mz 0 015x 10.6°/2 x 10.6% 38+ 3,4) + 10-6 x34 2 


x 0.075 + 4K IER OPGIA a 29.10 Lt 
Na LS x 4.5 050 + 5x05 2x05 +0125 
+ O0.5X 4.0x0.119 = 4.17 Kips 
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Desig Moments 


Pol v, 

M 0015 x 10.672 x ( (0.6x26+ 5.4) + 10.6* 5.9/2 x 0.079% 
OSBS.IR- S$ 45,9 3/4 x 0.0625 59.27 K-Ft 

N = UF (70% O15V +7&o-15/2r.( 0.150 Ouae) 


OTF AYUVAD ILS = F4Y Kips 


Pow] E 
M =0.019 x 10-6'/2x (1 0,6K3% a4) +10.6x 4.4/2 x 2.07 5+ 
OISK PAKS 49/6 x 0 625= 90.80 K-ft 
N 2 hSx1V5 x 0d5V + (0x 1V/2 (o.nso+o2s) 
t+ 1.ox%Ox0.125 = 6.37 K-TF 


Pressures "i 
Tor 3.6518 +t 2x0.0615-2x0.150 = 3.4768 Kk Ct 


12. 3/ 1S 
F 26518 x 7.91 40-0625 (210.0 +104 x50) — 2x O-1SO = 2, 2264 
12.81 Is Kye 


2 
Heel ex O2s texceis0 — 10-4x 0.0625 2 2.0250 K/H 


K 17.0 xo.ts + 2x Ouse -(2.0x 25} [0-4x 12.5)» 0.6625 


~ 0.31 » 26518 = 2.0245 KA 
12,681 
J 2.679 -— (2x6-¢410.4 210.0) x0.0625 ~ Bl 3.6518 = 1,398 
Is i2.1 
H 2,675 - Cax.5 + (Oo cals) olbeas. ~ 5.313546 = 0.819 
i 12.7/ 
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COMPUTED BY 


: unt Fo OM > $6518 ¥9.0°/3 42.2264. 50°76- 39.74 Kt 
N= = oe ere xX x 
2 ye . 
Be cai uiawels 11.24 Kips : 
(2.81 ae 


Powt G = M= 3.6518 x 2.5°/3 +2.05/6 x2-57/6= 10,58 k-ft : 
N = (3.6518 «1031 + 3.6518), 2-5; ae 765 = 6,30 Kips : 


Powt H | Mz 0.P08x 15 Ge 2.0250x7.5°73 = eet ‘ i. 
(2-81 


fomt)  M= 1,3926x5.07%6 t1.0150%5.0'7/3= 22.68 KIT I 
= (3.651@x3.21-72 ) 0-765 = — 16124 hops ok. 

12.81 | 

HIZS x 26°46 42.0250 x25 */3 = 6.328 K-{t 


Pout ik M 
N 


= 2. 
= 0. 
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t, = 29.0 kot 
fc = (-05 ksi 
n= 1.2 


0 owt 


Mowe bk] 39.77 10.58 W565 22.68 


wm. 24-0 24.0 24.0 24-0 
d in 20.5 2045 19.5 (UF 


Ke 6 3,68 ¢ 3.66 57.96 57.76 

Q 50.9 2865| -'170,4/ | -234.6 

NE 47.6? 15,09 | 43.62) 21.99 

A 1.56 2,75 | 0.91 0.93 

Ae 1.01 018 (67 0:42 
= Astweo)| 1,3] 0.35 
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#4) Bars Scale: Ya" =l-o" 
@/z i 
El. 615.09 << El, 614.5 
Yil/~ 
#5 C12 -——~ 4 6@12 
#5@1Z #E@ 12 


~s NOTE: For Femgerode ¢ 
4’ cl aad shriakay e réin Sorctaeak 
design , See Aye 0/- SI. 
sz — Ie fl ’s For spacer bars, see 
a lH Note Page O/-S2 
#9@IL 
# 6@12 - 
t 6 C1z-—— 
: # 7@)2.- -~ 
9 
#6@)2. wo 
el. 545.9 \ 5 ; 
ee | 
‘9 = eee | Ie | 
ve cS) 
iis aumrn 
iy 
[c¥e / ‘ eee — + 4 O2y \ 
t 612 - 41OLi2 ~ 4b ClZ 
2% 6 
Vel 3-4" | 2-6" '-6' 
15'-EQ" 
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52.,1215' BS ee 3 ¢ 5 { 
E\-695.p- Railing Is x3.d 
slab TTT Be 
thy 0 Wobe cee at ease AE Hey "ncaa in 
o> 
er a) a 
st Y ~ 2'x29 Cross beams 
bo’ 2'x2' Columns 
Avch U6! | 
it Span y EL 659.0! 


Pedestal A 
4 EL bso5 | 


= 4 


d Flume 


l= 597-45 
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Mace 76.p' 
Ee Slab tos 


Keung 
0. 
™S AL sidewalk 

2 eS 8 4 
7.5 Cyoss beam All a F 
20 Pratimy Se a E]. 659-0 

Pe deste 

EV 650-5 


7.0" 


Possible. Fourd||B 
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Harnissura,. Pa. 
computes sy Pyd (care “Zits CHECKED BY 


CARPENTER. INC. : . 
Weight of Bridge > Dead Load 
Slab Lo xToev x (S21 +B4TS) xO-(S70 = (9%) 


Cross baam 7.9 x2 x 25x(16- 4x 2-0) x Or(S0 = 363 


Boa Ux 42 200 x (5 228 t34-15) x 0.150 = 417 


Columns 6 red 2-0 2-0 x O1S0 = ZY 
Bx lS T0x2-U x0.150 = 7Z 
Rarliug ZX 15x30 (52.425 +34-75) x0-150 = 117 
Arc, 4x 4B0'x 4.0xG-29 0-150 = 720 
“> 60-0 <Y0xe-2F5 x 0-150 * 700 
Bracny 3y [00x20 % 11.0 » 0- ISD = G4 
Pedestal 5% Lox S80 x O50 = bbe 
fiers A, = Area top = ax 5% = S2Z 
Azz Avea botton >= 23x OF = 1446 
A3 = Arta mid.se w= (6x 61.7 = 4sUY 
Wt. 2 Yex2¢ ( 522b4> 1944 1495) x 0-150 2 4167, 


Found & L(¢ 50x 29.6) +(gex 30.6) Ax WoxOlf = 1179 
C. 66.0x 30.5% 5.5 > ONT c 166] 


0. 12-0x305 ¥ 10 I> =. 220 1@ Sete 
E, 12-9 X1W4F & 40 XONT = to4 — 
Total OD Loact 12709 Kys | 


® Estimated An wage per enae 


G Exclude Found 0.+&.: Peadlboad = 12389 Kips < USé 
D/-82 
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Lane Loading ( 0-64OX Bb.47F +26.)x 4x0.15 = 245 


Side walk tox %6-475 ¥2x0-06V = 104 


Rock betwen El: 613.0. 


2 
Base Aven El. 613.0 = 305 S602 2013 fF 
BasePre El, 602) =( 305 +2x 10.9)> bbo = 346244* 


WT RotK GEL COD] = 109 © 34520165 > 6208 Kips 
~ wt Rock El 595.96 = 695 x3452y%0165= 3701 Kips 
Total boacs & Pressuves 
Total Load = Ulo Deacl + Live Q Rock) 
Preessuve = Total Load 
Rrea 


El. 613.D Total Lead = (3973 kgs 
Pressure = 6,74 k / £4+~ 


El. 602.) Total Load - azo Kis 
Pressure = 5.846 KS fH 


El. 5975.25 Total Load = 240%2 Kips 
Pressuye = 6497 “k74t" 


x AASHTO , Stadard Specit reat ions i Hy husig 
Gridges, (977. AK bt. The Wi tSt sd. Beidye 0s 
asxmed to have a roadway width of 48' and two 
sidewalls of 10' cach. D/- 83 
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3" Shot crete ——-+--4-~ 

( Not shown) tho"xt'o” concrete lagging t+ -t> | 
| 
WoIb x 50 areal i" 
Weld -I i 
W lex 67 Ty ! 

Flume Slab--— L3x3x 3/8 ” 

atu El, 600.0 / | 

— q'-0" 3'9 The iy y 
, m4 | 
,- #6@12 EW : 
[\ 
: at | 
ae ae See, : | 
Weld - Ss 
Bearing flate 2x 1-10 & 2-4" [ 
y- 14" > Anchor bars 
{ 
$0 ; 

Spacing = 4-0" | 
3 Ramfovced Comcrete with 


% 4Y@12 E,W. Placed after 
Support System is w place 


| 


: wos Seale: 4's 10" 
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Da Sty vy L oads aud Hssum pteons 


Azsume uniform h ovraem tel | oaet LG ual to Aviva gC 
0 pressures at EI. G02] aud 595-25 fumes Rk 
eguc| to a6 Cat rest), 


w= 0,6 (5.8464 6.947) (ev gee Lage aa 


Coethicient of Frictum Spe 02 48. 
This coetficiont of drictin acts on the 
vertical wall of rock ag avnst the support. 


Allpwalle Rack Beaying Press = (0.9 Kft 

Fys 36-0 ksi (936 eteel) 

foe S000 ksi | . 
bee H gh Favly Cuncee€e {ov the fowidation 
Se that fle = £000 i a 3 dys: 


y : 36.0 Ks | 


DI- 8S" 


33s - 


| TLZLVO 
, sie Vitveeten YC hawaii Ho. 
ANNETT FLEMING CORDDORY _] or eeemarre 


: 
, AND CARPENTER, INC. ie» es 
‘ HaRRissuna, PA. TOR 
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Laggung 


y wi 3. Be 
Hssume Sugpart Sspacimg = a ft 
Viz 43.85 2 17 Kips b= 12 inches q 

2 


AT™ pix Cespivatel => 60 pst 


cl = joou V = L00Ux7,.7 - Ore 1 in 
Dar 12x 60 


t = A +1,5 = Say (2 inches Oe ary, 
Mew ee Stan de = Fee ket 


® 8 
Febd™ - J2> 10.52 O10 
go% {2p0v '2000 
KFS S24 x OF)(0 -— 1668 77.7 OrK. 
Le ee Ld Oe 1 Sa 
acl LY BG x 10.5 


UsE& 25 bays Cach Face 
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SECU SI1IO" on La ia 


The fag-siry i$ qn essea tral elemert of phe 
support s/s tem, The /aggin trons tes She 
(oo ding & She vertical “strutveal member(Wibyso), 
The concrete lagging consists of mdudual . 
elements of remfored cComrese block [2's nz tio. 
The docks are Sard horizon tally , One cn top 
of Me otter fo fom a wall.’ The ends of 
the blocks are we dyed petuetn fhe Flanges 
of the vertiol ude flange member of fhe 
steel support system. Shotcrefe diag will be 
placed on She pock sur face ep rs the 
/a99/79 Pe place : 
Detals of phe Sypyport System are 
SA owe oo Sheets D/- 4 aad D/- 98 
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2 Te a! Vesign Prec edure 


Kut. Manual of oTecl Construd we, Gevyenth 
Editi, RISC. 


Dimensitcns amnel Prcpertics New WwW, HP anel 


WT Shapes, Sept. 1978, AISc, 
WTEC 2 Part 5, Spe tieations and Codes 
Fy = 36.0 wsi tor ASG steul. 
Section 1.9.1.2 Fy= 0-40 Fy = IUS Ker 


irae © 1.5, 1.3. | Fa from Table 1-36 
Kk =| Try Fas 20-0 Ksi., kif <29 


Cech 1,5-L 4. Fe = 9.66 Fy = 22.0 Ks) ( mon-cumpact } 


tie dubel se. athe 2 ie 
0.60 Fy Fb 


Ret. Stract uve Ste cl Designers Hand book , Moret t, 
72, Artical 5-32, 


Fe > 0.27 4'¢ = 0.750 Ks 


Seek? “Use “E Foxx wel A 
re = ho Kei 


| t 
suavect Lice GC {a vice ue. 2.00 
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- i — eneey wo. lo euasrs 
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HARRissuURG. Pa. ibe 
aa COMPUTED BY BATE. CHECERED en WIS oe oats 32 -2- , i 


Neytical Member ~ 
> ree ee WEDD oe Friction 20-45 w 


ra 
Support | « b c 


Pla. 


Kin = wl (f-2 ; V, = We } Voz Kia, 


2b 
Kas = wl (b-za): Vs ~Wwel 


/ 
2b 


D/-88 


suevect 4 cl c ruane.(622.00_ 
GANNETY FLEMING CORDDRY - a ee 
AND CARPENTER. ING. paises: 
<c2 HARRIsa|URG. Pa. pine a Tae 3 api fy ee : 
Vertical Mow ber 
oor a = 3,5, Lb = 1.0, c =l,c. Be 2 OMS , opacny = 4 oft. 
Kia = 305x740 x40 = 120.2 Kips | 
© a slope ct 1 on] R= 170-7 Kips 
V, = 3-49 ¥ 3.50 *4,.0 = 63,9 Kips 
2 23-45 ¥ 4.30 >4-0 = 6HD Kips 
Kus = 3.49 X¥ 3704-0 2 56.9 K ips 
Vq = 3.85% 2.79 »*40 2 4LS kips 
Vs SS295 & Pe O= se Wed 15.4 K ips 
= Mi = 3.95 x -6.12 » 4d - 14.3 K ip ott 
ms Ma = 3.95% 2-1 >402 43.3 Kip -ft 
5 2 3695 x-0150 xX Ug 2 7.7 Kup -ft 
Horiamtal “hear = 3-85 » OYS ew e540 = 24,3 k vps 
t 
Comp above supprt = 24,3 Kips 
Tun 31mm baluw support = 95.4 K ps 
Sie or: M= 943 KFT 
V = 66.3 K ips 
N = 95-9 Kips Tans 
Ose Ms 4.3 xI2 = 51,44 in? 
Fb 21.0 
Ay= Vo = 663 = 4.57 In” 
Fy 1h9 tas 
hie Ne = “99.4 = 1.80 in” 
bes Fa 20.0 
DI-89 
ents 


GANNETT FLEMING CORDDRY sca iy Bytes HY Guiles. 2 Sa ls wo. LhZ2.DO 


AND CARPENTER, INC. ic a 2 onaet wo..L{__o 
Haraiseurs, Pa. FoR << fe ; { 


fn 3 ; fy = Mxiz Aw 2 4.57 in 
9 

do + th x WD 

0-60 Fy Fb 


W IBxue 
W16x5U 
W 16x 4F 
W Iux53 


Ik W.lé x 50 
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AND CARPENTER, INC. Sent noe i ae ouaste 
No HARRISBURG. Pa. 


FOR. ue { é 
u ra wrt UALR ive 2/2619) ccaen we WS eared 2- 2d Z- 


| N =170.7 keps: (Sh.10) 
Pick & mantber with twice the necessary 
dyea .to Com pen sate for ENO Moments 


ge ee. 


A LA hae > 17.07 | | 


20 *. 
r ( radius of 4 yraticn | 1S ligated such That 
Kl/fr < 29 and Fs = 20.0 KsiI 
0 = $.¢ k= t.0 : 
r= toxkorwln - 3.2 Not practical . 
21 
~~ sea eo etal es Oh 
k Fa fa 
W Shige B Y v Myblel-36] * fa Fa 
W ibxsv | 14-7 | L597 | 60.4 117.33 | [Lb] | 0-67 
W 14x 5S 15.6 1.942 | 50.0 | 1635 | (0.941 0.60 
W 16x50 | 14.7 1.59% | 30-2 | 17.70 | tl6l 10.58 
W tee 67] (9.7 | 2.46 | 39.0 | 19.27 | 3-66 [0.45 


$66 |o4z ID 


© Assume bracing at mid pout C=4.0' 


Bragg @2% N = 34! keys , d= bo 4t 
Use LC 3x3 3/8. 
# See NOTE, Sheet D-U4. DI-4/ 
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Note KEGRLVING KYOIIS OF GYLATION 


The design re ferene 1s Mawal Pe 4 steo/ 
Construction » Alsc, Seventh Edition , Pack §, 
Tabk /-30. For a frial design , Fa is 
Jimted fo 20,0 ksi gad Phere fore 
Kafr S29. In phe firs! analy sis, 

Ke /r = 3%0 and Fa = 1927 £57, 


rn 
e ° . ley : { . ” os Oo 
GANNETT FLEMING CORDORY wn tose. Clogaauel ram 
__Frey feotectios aes no.lS__or____onanrs 
f 


AND CARPENTER. INC. 
HaRRiseuURa, PA. 


Horgontal — __ Mem r bey 


e N= 56.9 Kips sh.io.) W 23.95 x4p 


Hssume Vertical Mim ba to be 
/2e moment 


Fixe el ended, ' rGae 
Horta onta] Mew by 


going into this : 
M -wl* we BOS eo ee = Cat RT | 

IZ cz | 
M= YM = 31.44 «-ff . 


Calculate Moments, Shears, Koacls, 70! 
of d_ Vert, Mom, sat “imbesettian of’ Drag onal Mia bie 


in aa 
Mom | Mom. 
! 


ym 
4.75 {+642 


UTE 617.6 


= 223.64 k-ft 


2M 
x = -2.6056 ft 
y = -i.2be fT 


DI-F2 
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GANNETT FLEMING CorpDoRY Spe Prien : 
AND CARPENTER. INC. snest ss 


Big Cetals Ela Coutal Project 
sy HARRIGBURG. Pa. ies 
coupurse ovr PudG care 2 sisal wi 2 IS gon B- 2-77 - 


Hovsontal Member, a 
N = \7 2 | K .p2 Asscune Fully braced: 

M = 223-6 Ke -{t 

VS 4s (Raps 


w 18» 361 25.3 119-349 
WIiBx 77] 20-5 119.59 
W'6x8BF| 26.2 | 16-75 
W lb x too] 244 116.97 
W144] 290 | tee [C495 


Ry Ww 1b x10 


€yeitm Z é 22-09 
GANNETT FLEMING Corpory : riLE HO. 


2 ect 
AND CARPENTER. INC. = om exazt no. 5 oF 
Harnissuaa. Pa. ror ve 


: See PG = a s Z 7 oe Ws QaTe. 2-2-7 f 
Bearing Plate , ; 


V = 9 Kips 


S an ks - aie ca sa 
K 114.2 Kips @ \ on eo 
s AY e 
| yen cht 
3 W 16 ¥(0V 


7 i ssuwiec eccentriecty - ag 
M= 6, 19402 97 K-Ft 
{2 
Fe - 0.25 ¢'e = 0,25 * 3.00 = 0.750 
A = 144.0 = 51143 in? 
(0.750 /2) 
Try 26" »29" 
Fp ( base plate) = 27-b KSI 
i = 16.97 
f Ad (slope) = 16.97x 1.0966 = 18.6] 
mes bf = to. 425 
kK (s Vesoludcl into Conpouents Normal to the 
Ne 


slyp 2 of Lon ! thes R= 194-0 Kips 
V = 7.4 Kips 
OI-9 4 
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file  Pectectipn car LA eugsre 
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HMarniseuaa, Pa. 


Lewin A 
pis 4¢20,735 
eat cate 


A: (Boe )s = (28.-6)3 > 24° ! 


Z zr 
fo = R2 = (94px2 = 0.735 Ks } 
Ad 212 >24 
pre 0.735 . | 
pr 20-735 (24-516) = 0,577 ks¢ | 
2y 
Moment about Line A. ) 
Me: A gs C wi 42 Wa! 

6 


Me: 2 (5.16) (0.577 +2%0.735) = 199.8 Kun. 


z 
6 Sorentones 
f = [+8 = f/Ox19%S 2 ¥ 2.0142 
A Fb 12 27.0 
mat } = (42 Say [A om. 
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Be auing Plate 
 ] Moment a bout ee Be 


Me ol ee se 17 7 
Ms: 24> ¢.735/2 x 6.43/72 © 205.7 kew 


2 ftw w/e ee?) eh ere ce bey 
B rb 24 x 27.0 


Mse 1% tn dhe 


[Set 


1 é i aitre | 4 
COMPUTED BY (- ee ee ey tA DS gare 


\A se 4 - M2" 0) A nthoy bev 5 } 


as Foundation 
R21942 kyws ata slope of | on 04S 
for U0 ft i 
R= 48.55 kys (fh Fe 210.0 k st : 
Gra Phically Avaw te Reeict cas line ee | 
aia pot et Vertical M ean bay on roch } 
side (A ) ' through Deeverg plate (B)sudh Pai 
that e@ = 6.0 in thes, to Foun dation Cay x 
Bottom of flume Pa: Ue MeaSuvicl MM A 
slo pe ct 2 on {| shall be at least; : 
a>Z2k = PRUE SS oe. Beg: 
3 t+F 3+ 1060 
) 
: Total depth of trench (f) shall be less 
hun Bea) 


DI- 96 
xX See Sheet 5. 18 
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bound ation 


Ac K=4B.55 Kips 
4 Becreny 
poem as” 
oe ppp REE gp ase tontad, pressure, : 
“oh eaee) Z 10 thE (k- ~G6¢) 20.0 | 
= a+ an or ez 4, 


Schsioley /, -%) for e er the Falloving s 


{, 5 a Te eae fe> A lba-2f) 7. 


* For Note In Formulas, 
See Sheet fies oe, 
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comeuTeD ay Ld care Zi!/3- 79 ennceo ey DATE 


» Note KEGAKVING FORMULAS ON SHAT UI-9 


The fist two equations es = 0 (44+ oe)h*el0 
aad tr = rae) = be)/2 20 arte basic foundation 
pressure eguationS. 

re aad f are the founded ion pressures at 

each end if the fouadetion ‘ 

R iS the applied load, normal to fre Foundation ; ; 

B| i$ the length of the oundation and 

@ is the eccentruity of the applied lood. 

Ate Qo or ez Rf a 

The second two equations gre fhe same 


except (Ya) has been substituted for e@. 


The Foundation in fhs case is assumed 
fo consist of oaly fhe sloping portion of 
the french. 


O1- 77a 


————— 


, i bas 
Ww, "Orage: phe PZT OO: aa 
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ebieuran ay P 16 nee py. guage 8 eS. 


z 
may wild Ae 


Bracing L 3x23» 2% Hees 3 
9 “ 
ue = 


Lagging 


| 4 3" Shotcrete, 


TID EU Ty 
PLAN. IEW. SuPPoyT sYstem 


eagle. Vee Q° 


0,10 
eer 


W 1b X90 


anes Pl 4 '- o! 
PLAIN le BEARING 


a i ae = )-o° 
ests d/- 76 


w 77 1 a 4 eatin ( Z in fee 
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Weald. _Dosiqu 


Use Vo a Meow ent rar oly « gt i) 


COMPUTED BY 


7, 1236 = lin kp-dt «bE 10.235 
ae ‘ tw =0.395 
Use Nopual l gal tt EFO.7 hips .  Wibx 67 we 
-L.10 ) OM OD 
fr Ne Pier) 
‘ * on ee 
y= Ot ksi foe Eo oe AL 
OY 3 a fe It Ke. ee 
(ilies “WZ 
a i ee 2, 


: bf = (9.428 


™ 
re = 0.SB5" 
~V 7 OPS alt - 
|S k= 14-6875 
“i W 16100 
| Plates Euch sil, Cach 
tomt 3/8 x5"> Te" 
Kt. ALsc, ¢. 4-88 
eo lee Je Ge Ne se 15S K vps per Flange 
qd (4.33 
N= 907 2 85,4 Kips per Flangh 
a ‘L. ' 
- | | 
Tota | —~ [67.7 Krups o 
= Cheey © (pepe fe 2. M6.e Kgs <= 
Reaction = izok Say 120 Kips 
Vib S44 


' 
| 
{ 


susJECcT 
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ele besign 
thay 120 Kops 


eo Ceomyplite ene TC-L4b weld ‘ 
Single Bev Groove 


t - 0-669 ky = Ztep b = 1p -237 


fay 2 120 2 i7.63 <2ho Ook ; 
0-665» 10.225 : 
| 
ot S ey fe gn 
Hor = Ae -t lt. +5 Rk) : 
~ n e 120 
He ~ 0-665x 0, 235 Ae = 10.733 | 
t = 0.585 | 
ts i 0.665 tl 
Ko 16875 


Ast = aibbe S035 26-662 (OEE aes 6875) 


Ast > 1.481 tn” St mam 715.8 


ha wee S12e ce Fide oe. = O0O.SB5S ¥ aS Ss o.286b 
Belong” Papas axVo.5 » 2p 
Sie = 5/1g' wold. 


a Langth ot cela = Hst . Fy = x29» 36 = §,62r" 
0°28 Ox l.b§ 0.939X5y 1.65 
Weld dvound, Length =2 (446s) = 21" O-k 
Pi|- oO 
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Weld _pesign 


Vertica | a nd Diageval Connections 
ket: RISC, page 4- BB 


) Q.2 
Loco 6 1 2 Oi9 re 


Se 
NG Add Flaine Covy Plate | eheg 


Vax Tx 2-6" 


bi Add 2 Web Cow Plates : W Lox 50 
Min Mp6" ose | 
3 grind tig: 44 8 bewm it (let e 
tw= web thukaess or €% Reference 1S Manval ‘| 
of Steel Construction , AISC , 7th €d., Py. 4-88 and Pact S 9) |! fo 0-380 
Sec. le € xd tox bath.cofer te cus: thickness: bs: 7.070 
< hp ~ 0.665 & 10,295 xfos bh = 1.3128 
ty +5 &, 0.665 + Fe 1.3125 de = 15,625 
fo= 0.380 < 0,666 1 Need stiffens 
i a ee [62% OLUSHS (Vee St. Ff enor 
oF y 5x S46 
ts < ¢.4 J Ae =o x~J 10.235 > 0-665 xVO5S  =0.738 
Add Flange cove flate thickness equal to 
0,738-0,630= O.loB = Ye' 
ec Rack 2 Web cov plates 0©-666-0.360- 0.143 ‘ 


=/le | i 


a 
LSE Ye" plates {oy Flange and web. 
D'i- pf 


(e 5 . 25 0 (aa 
acr gigs t4 : ~. 
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POR 


comPuYsD ey a Ea 


Lonnrdin Neutieol & nice 
thorenmdal Masbe, wW ibx (oO tee O57 8s 
bi= [b.4ug 
Vertue Member Wl6x 50 ty = 0-b3v 
bf = "T0128 
| es 
de 5 12,635 
to OES M1 O42s oS URE) Need stit{eners 
0O.1B9 + 5 xl 317s 
ty ® ess a oases: Pea Shear 
36 
bye OS 10.235,066 = Lou" 


Add Flange Covey Plate of Old" oy Vo" 
RK oncw becuse hts tie Ss Ae QIZs: 


tw < 0.9185 10,425 - 022" 
OFL OS F6-s 9125 


Ada L Web Flate: ot [-022-0,3319 =0.42)1 
a = 73 
oO oe l Flange Caver Flate, PL Vox 7 x 2'-o" 


Use 2 Web Cover Plates, PL ? 18 > 14x 27° 
Cy vind to f\+ bean +illet 


Pi- 102 


! oots 


| 


beataie. “Ye TA Lot they 


‘ : 7 
i a ee OST Nas OF _____ awEES 


we fo 
Ye tes 


: ve RGAE 
Wan “4nl'9 5499S" 2/\- 7 
ye Luyvag ea bog opa +) as) 4 
K- ! 
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ae ees 


. o> a 
mE = LAST IN re 
3 g ly ~ 
a z — 
3 | 8 x B| 
> “s me 
3 Si a 
zy Ve QL XL- bf) 14 
§ : < : 5 ie | | ue ; 424I"t 004 4! 94 puis) 
gEg sfe Hf LL ht Kh Kf Td 5 
i cn | = GSX FIM pln A yur 9794 M4 Y 
Ge oy ei : Anz a 
ee ee ee oe ee FBSA 
22 | 
z< 7 
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0 e 
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om 
SHEE EHH HH = 
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Braces © $-0"CC. 


GENELAL __CONSTLVLTION PROCEDULE 


rp Lvcavate over buden aloay reas et bracin system, 

2. Mace shoterete on rok surface along prer( aren 
between ver Aical rece ct and prec). 

3. Stat rect excayation av of Stream end of ger ad 
work in @ downstream chrecton. 

4. Lvcavate as vired fer brace @ and ®. Shoterede 
ver Aical face atter each 5-footk Lf of rock excavation. 

S. Place concrete anhior blocks. let sed Lc 7 days 
behere proceeding with step 6. 

. fastall braces @ aad @., 

7 laste legging C Place mock be Fore en agg sag aad 

shotcrete , wedge Jag 5 wy at frees), 

Excavate pock Re ‘braces Qs @ + conte sequent. 

Concrete bedveen Conerede anther block aad laggy placed 

al Contrache’s option. 


NN 
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COMPUTED BY 


_Comnesf on Design 


Assumg tion aad procedures are hehe ved +o be 
on fee Conservatue side. /t was felt Hat tas wes 
nece ssarq because of fhe 2 ie of fhe bridge. Aso, 
the bridge 4s old aad “lo (A good oa HOA, The 
Lilet at the bottom of fhe wall 15 aot beheved 
fe Aave any signs fcant altect on fae hydraulics, 
Ber #14 fates the Joad from uaegyal SPans. Fhe 
actual Loadany on fhe pier US angled yn the | 
abudmen : as design PUP ses ys Was assyme 
Phat She /oad wt vertical. 
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GENERAL DESIGN MEMORANDUM | 


APPENDIX D 


DESIGN ANALYSIS 
= a: 4 
AUGUST 1979 if 


SUBAPPENDIX D2 
COMPUTATIONS FOR DESIGN 
OF 
RAILROAD BRIDGES AND TEMPORARY TRESTLE 
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UBAPPENDIX D2 


COMPUTATIONS FOR DESIGN 
OF 
RAILROAD BRIDGES AND TEMPORARY TRESTLE 


CONTENTS 


Item Page No, 


Geometry Computations .....eccee0eee0-D2= 3 to D2-19 
Superstructure Design-Mainline and Spurline , D2-20 to D2-31 
Abutment and Wingwall Design-Mainline ....D2-32 to D2-54 
Abutment and Wingwall Design-Spurline, ....D2-55 to D2-61 
Pier Design-Spurline eoeveeeveereer eee eee D2-62 to D2=-72 
Trestle Bent Design-Temporary N&W Structure, D2-73 to D2-84 
Beam Deflection Program. ....s.ceewcvecces D2-85 
Retaining Wall-Abutment Program ......... D2-86 to D2-91 
Proyram for Load and Moment Points for 

Interactive Curve. ...ccceccecervevecece D2-92 


NOTE: 


The Beam Deflection Program, the Retaining Wall-Abutment 
Program, and the Program for Load and Moment Points for Inter- 
active Curve have been verified by hand computations, 
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Wing Force (w gut): 


WW fruit Srvc fere (w):20 We (Perper ttl. fo€ of The Treg) 
Ver fice{ Projeciiiwn = GO Ct} 
P= 0:03: G.0 + /53-0 +2 = 184% 
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Loadn Cond tions are Lon the AASHTO 
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Soe rulroads. A copy of Porayraph 1.2.28, LoAOMG 
CoNOiINONS from AASHTO 1s on Sheet 6a. Fars is 
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(1) th Editien, 1973. 
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1.2.22 — LOADING COMBINATIONS 


The following Groups represent various combinations of loads and 
forces to which a structure may be subjected. Each part of such struc- 
ture, or the foundation on which it rests, shal] be proportioned for al) 
combinations of such of these forces as are applicable to the particular 
site or type, and at the percentage of the basic unit stress indicated for 
the various groups except that no increase in allowable unit stresses 


shall be permitted for members or connections carrying wind loads only. 7 
See Articles 1.2. 1 to 1. 2. 21 for loads and forces. 


The maximum section required shall be used. 


Percentage 
of Unit 
Stress 
Group ! =D+L+I+E+B+SF 100% 
Group II =D+E+B+SF+W 125% 
Group II = =Group 1+ LF+F+4+30% W+WL+CF 125% 
Group IV. =Group 14R4+S4T 125% 
Group V =Group II+R+S+T. 140% 
Group VI =Group HI+R+S+T 140% 
Group VI] =D+E+B+SF+EQ 13314 
Group VIII =Group1+I1CE 140% 
Group IX = =GroupII+ICE 150% 
D = Dead Load 
L = Live Load 
I == Live Load Impact 
E = Earth Pressure 
B = Buoyancy 
Ww = Wind Load on Structure’ 
WL =: Wind Load on Live Load—100 pounds per linear foot 
. LF = Longitudinal Force from Live Load 
CF = Centrifugal Force 
F = Longitudinal force due to friction or shear resistance 
(elastomeric bearings). 
R = Rib Shortening 
S = Shrinkage 
T = Temperature 
EQ = Earthquake 
SF = Stream Flow Pressure 
ICE =Iee Pressure 
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Zat era/ brace # Diephy agaas 


INANE es TIXZN’ 


eee ae 9” 


Dru phrog ns: VE leat” ‘pad ,'3 CorrleHA £y 


Lekero/ Gre crag 


inh Joaw on) exh. “2 (300 3001. 5XE2) 13 = 6935" 


Lateral Load from eg usppment = 44(80) > 20k 


Max. Load to sh = 6.9720 = @G6.94K 
try W 24xGS3 


KL). = 6-25X6. SNW2187 = 31,28 


= 24.500 - 00( 3128) = 18.372 psf 
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4oud ~ °4 ay aa an 
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Cry SKS x 4B 
Kbyp = CYB IQA IBZ) ~ F/-70 


Fa = 24 S0O-W°OLG/.7@) = 13329 


fa~ GBY4RIS = 1.85 SIS /53KSE OK 
USE SXSx* fe Diegoraks 
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Beni Ca SYace Whee] 19 Over ¢ of Beat : 
ee bd 10 rn a ne ‘SG 17 
AO 30.8 616 Gb C16 C46 40:0 40,0 400 
Rmax 
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fe eh metic lle Rl la a. " 
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234:72K4 
A) = [LAM EL2.75) t 252-8(3.25) -234,72( = IS ~/05.1SK 


kK. (Me S. sXe + 252.8 (:25)1234,72} 3 G:S = J4IS.37K 
Rrotel- /45:.37(2) = 290.794 K 
2 Psy om > ae / 
# Mbm = ONCE ~ (2645.25) = 236,84 K- SF 


Wer, wgenhirg Stress = 4 = 236- BY oe7 = ,¢9KS1 


Max, Shewe Steeas a = 193. 82 G8,1 20.78) > 72, 3KSL 
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SO7K 
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We = 72726) = 31.2% 
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> Y : Lagano/ Gracing « Assame K=0,8 
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Worst cone tion occurs wher food yplied 
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PROGRAM Call Name 


DESCRIPTION 


OUTPUT 


FEATURES 


SAMPLE RUN 


Dist. to Addit. Point 
a ae 
WR 


ITF PROGRAM FILE 


DFL GFC&C FILE 216K 


Calculates deflections due to uniform and/or 
concentrated loads on a simple beam with end moments. 


Span Length (ft), Uniform Load(left,right value) 
Dist. Left Reaction to start of Uniform Load. 

Dist. Left Reaction to end of Uniform Load. 

Left end moment (Ft-Kips) and right end 

moment (Ft-Kips) (minus for tension on top) 

Moment of Inertia values (in) and corresponding end 
distances (ft) from left support. 

Concentrated load values (kips) and corresponding 
distances (ft) from left support. 

Distances to special points (not at 10th points of span). 
Deflections (inches) at 10th points of span. 

Deflections at additional requested points 


Rotations (plus = clockwise; minus = counterclockwise 
Maximum Number of moments of Inertia = 20 


Maximum Number of Concentrated Loads = 25 
Input No. of concentrated Loads as 0 for 
no concentrated loads. 


See Next Sheet... 
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ITF PROGRAM FILE 


PROGRAM Call Name  RWM GFC6C FILE 216AN 
DESCRIPTION This program is for analyzing Retaining Walls or Abutments 
on Pile Foundations. Computes (1!) Moments and Forces 
caused by Substructure, Earth Pressure and Live Load 
Surcharge, (2) Footing Design and (3) Stem Design. 
INPUT For detailed information of input see Figures 1, 2, 3 and 
Sample Runs. 
Retaining Wall and/or Abutment Input 
1. Weight of Concrete and Backfill (kips/cu.ft.) and Equivalent Fluid 
Pressure (kips/sq.ft./ft.depth) 
2. Pavement Thickness (Ft.) 
3. Width and Thickness of Footing and Toe Length (Ft.) 
4, Distance of Ist row of piles from the toe (Ft.) 
5. Maximum Design Pile Load (kips) 
6. Concrete allowable Flexure and Shear Stresses for Footing (ksi) 
7. Allowable Steel Stress (ksi) and Ratio of Modulus of Elasticity 
for Footing. 
8. Concrete cover to C; of bottom steel and top steel. 
9. Height of wall (Ft.) 
10. Concrete allowable Flexure and Shear Stresses for Stem (ksi). 
ia Allowable Steel Stress (ksi) and Ratio of Modulus of Elasticity 
for Stem. 
12. Concrete cover to CL Reinforcing Steel of Stem (in.) 
13. tems ''a'' and ''b'' for Retaining Walls only. 


\tems ''c'' thru ''g'' for Abutments only. 

Retaining Walls only: 

a. Parapet Height and Width (Ft.) 

b. Stem Top Width (Ft.) and Rear Face Batter (N/12) 


c. Soll Slope (ni/1), Slope Distance 


(102076} Mil 
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Abutments Onlv: 


d. 
e. 
f. 
g- 
h. 


Height and Width of Beam Seat (Ft.) 
Height and Width of Backwall (Ft.) 

Height and Width of Backwall Batter (Ft.) 
Abutment Batter (N/12) 


Distance from the Front Face of Wall to Cr of Bearing (Ft.) 


14. Live Load Surcharge (Ft.) 


15. Abutment Only 


a. 


b. 


Cc. 


Dead Load and Live Load Reactions (kips/Ft.) 


Additional Vertical and Horizontal Forces (kips/Ft.) 
applied at Bearing Support. 


Group Factor 


16. Number of Rows of Piles (Max. 4) 


17. Distance (Ft. from lst row) and Batter (N/12) of each Pile. 


18. Pile Spacing of each Row (Ft.) 


OUTPUT 


Moments and Forces caused by Substructure 
Earth Pressure and Live Load Surcharge 
Total Pile Area (Piles/Ft) 

Vertical Pile Load 

Total Pile Load 

Horizontal Load Due to Batter 

Horizontal Load taken by pile in Bending 


For Footing Design (Heel and Toe) 


Required Depth 
Actual Depth 
Required Steel 


Shear Stress 


2/11 
(102076) 
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For Stem Design 


? Wall Height 
Compression Steel 
Actual Depth 
Required Steel (Tension) 


Shear Stress 


FEATURES 


: 1. Pile configuration input may be repeated as many times as desired 
until the best design is obtained. 


z 2. Size of footing may be changed following each pile analysis. 


3. Batter may be input for the Front Face or the Rear Face - 
program will not handle both F.F. and R.F. Batter at the 
same tine. 


(102076) 3/11 
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GEOMETRY OF RETAINING WALL | 
| 


Tw 
‘ Slope Distance 


BWW | : LL Surcharge 


HT = height of wall 
FW = width of footing 
FT = depth of footing 
TL = toe length 


DPT «= distance to Ist row 

of piles from the tip 
of toe 

BWH = height of backwail 

BWW = width of backwall 

TW 2 top width of stem 

n ® batter of 
retaining wall 

ST = pavement thickness 

B, = batter of nth 
row of piles 

€n = distance between nth 
row of piles and first 
row of piles 

ny = surcharge slope 


Design — 


a, - Stem Stl. 


FIGURE 1. RETAINING WALL 
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GEOMETRY OF ABUTMENT 


HT = height of wall 

Fw e width of footing 

FT = depth of footing 

DPT = distance to Ist row of 
piles from the tip 
of toe 


ST = pavement thickness . | 
BH » height of beam seat ; A. 
{ BW = width of beam seat ; ——1 
I BWW = width of backwall 
i BWH = height of backwall Cy of 
' BBH = height of backwall batter bearing 
; BBW = width of backwall batter 


ne batter of abutment 
BEL = dist. from the F.F. 

of abutment to C.L. 

of bearing 
TL = toe length 
B, = batter of nth row of piles 
@, = distance between first 

row Of piles and nth 

row of piles 


All the loadings are applied 


at Pt. A 
i 
= 
FIGURE 2,  ABUTMENT 
i 
+ S/il 
| (102076) 112/ 
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pile capacity 
No. of rows of piles 
0,0 


distance between nth row 


of piles and Ist 
row of piles 

pile spacing of nth 
row of piles 


PILE ARRANGEMENT 


F.F. of wal) 
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PROGRAM 


DESCRIPTION 


INPUT 


QUTPUT 


FEATURES 


Note: 


ITF PROGRAM FILE 


Call Name ucb GFC&C FILE 216AS 


This program computes Load and Moment points for the 
interaction curve. § has not been included (ie 6 = 1.0). 
Points ure based on increments to neutral axis location. 
The section must be rectangular and all reinf. bars are 
included. The first value is Po and the last is at P= 0. 
Finally, the balanced design case is output. 


= Column width - In 
T = Column thickness - In 
= Concrete f'c - Ksi 
Fy = Reinf. fy - Ksi 
N= No. of Reinf. Locations - (32 max.) 


X= N.A. Increment - In 
D, = Dist. to Reinf. - In . F 
n ; 
An = Ag at each Dist. - ra? 4 pair of values per line 
All Input 


I, - ft4 & Ig - fe4 
Ecl¢/S+Esl, - K-ft? 

0.1 f'cAhg - K & As/Ag - 
Neutral Axis Location - In 


Axial Force - K At Py, each increment,P = 0 
Moment - K-ft and lastly at Balanced 
Eccentricity - Ft Design 


The program conforms to 1974 AASHTO Interim Specifications. 
For ACI code applications, use Program ULT. 


To piot 0.1 f'c Ag on this output where § = 1, divide 
0.1f'¢ Ag by B = 0.7 
E, = 57.00 ff & Ey = 29000 ksi 
= TW3/12 
Or  ¢| 


<; 
| | oa 
N 
Comp. “al 
foce ; 
[7 | 
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SUBAPPENDIX D3 


COMPUTATIONS FOR RIPRAP 
AND 
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CONTENTS 


Item 


Methodology ....cccccseccce 
Diversion Channel, ....-..cceces 
End of Two-Barrel Conduit ...... 
Downstream End of Chute-Transition . ‘ 
Drop Structures ....cccrcccccve 
Railroad Spurline Bridge .......e. 
Approach to Diversion Channel Flume 
New B&O Railroad Bridge ........6 
End of Three-Barrel Conduit and Confluence 
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DESCRIPTION OF PROGRVI 


General Concept 


The COGO programning system is designee specifically for civil engineering gecmetry 
ad problems. It may, however, be used in other application areas; in fact, there is 
almost no limit to the applicability of the system concept. 


COGO is based on a vocabulary used by the engineer to state his problem. The 

Statement of the problem in this familiar vocabulary and the input of these 

statements to the computer are all that is necessary to generate the soiuticn 

to the problem. No programming, in the usual sense of the word, is necessary. 3 


For example, an engineer interested in determining the area of the enclosed plat 
7-5-3-8 states the problem as shown in Figure 1. The information in Figure 1] 
(wath the exception of the diagram) is entered into the computer and the area 

is typed out automatically. One begins by giving the known information te the 
computer and then commanding it to perform specific functions on the known or : 
previously calculated data. In this case the command AREA is used. It asks the ' 
computer to find the AREA of the enclosed polygon. Appearing right after the : 
command is the result, so that the engineer can follow the sequence of calculation 
and keep a high degree of familiarity with the protlex. 


If the engineer wants the distance betweer points 5 and &, he enters the command 
DISTANCE S~8. The distance between points 5 and 8 is then typed out by the 
computer. : (3 


In practice, the engineer, using a sketch of his problem, writes the description : 
ot his problem and how to solve it as if he were solving it by hand. As a guide ’ 
he follows the command descriptions shown later in this manual. Once he has : 
written the commands on paper, he has a “computer program" for his problem. He 
then punches these on cards for entry into the 360. No intermediate programming 

is necessary. 


Basis of System 


The COGO Programming system is based on the repetitive use, by many different 
programs, of common data storage. This common data storage area is known as | 
the "coordinate table’. The engineer uses the COGO vocabulary to locate points 
on a traverse, subdivision, or along some alignment, etc. The points may be 4 
used in later calculations by other COGO commands and may be printed for immediate 
use. The engineer gives each point an identification number and refers to that 
point by number whenever it is needed. 


STORE 7 1000.000 1200.000 
3 BS0.000:1675.152 
s ; 8 673.217 —:1801.816 { 
5 1201.001 1875.822 


1000,000 N 
1200.000 E 


AREA 7 $ 3 8 7 i 


AREA ® 184463.3598 sq ft. = 4.25 ACAIS 


ui 


DISTANCE 5S & 


& 850.000 N From PT 5 to PT & DIST = 952.30i0 
675.217 N 1675.152 E 
1801.816 E 
FIGUR2 2 


GENERAL INFORMATION 


Cperators. In 360 COLO, distances, angles, and azimuths can be specified by using 
an Operator (a single character) and the required number of identifying points. 

For cvampie, if two points of a line are know but the unasnown distance is required 
as part of a command, the operator D may be used as follows to input the distance: 


D 21 22 
(where points 21 and 22 are the two known points of the line). Ia this case, if 
the operator were not used, the distance would have to be calculated either 


manually or by a previous run. 


The following operators will be used to denote values to be calculated from 
knowr. points: 


Operator Pcints Description 
D XXX YYY Denotes a straicsht-line distance 


from point XXX to point YYY. 


A AXN_ YYY Denotes the Azimuth from point AXA 
to point YYY. 


G ANAK YYY 227 Lenotes the angle at point YYY, clock- 
wise from XXX to 22Z. 


At least one dlana must de used before an operatcr but is optional aster the 
operator. A blank must appear between the point numbers. 


Bearings. Bearings are entered into command cards by either the quadrant method 

or tne N,S,E,W deiimiter method. In the former, a bearing is enterec as quadrant, 
degrees, minutes, and seconds. The quadrant is coded as foilows: NE+1, SE2, 
SW=3, Nwed. For examp.e, 1 30 05 58.0 is the code for N 30° $'S8.0"E. 


In the delimiter method, the angie must be bracketed by the characters S$ or N (on 
the left) and E or W (on the right). At least one blank must precede each delimiter; 
blanks foiiowing a deiimiter are optional. Looking at the same exampie as above, 

N 30 OS 58.0 E is the code for N 30° 5'58.0" E. 


ang azimuths. Angles and azimuths are entered as degrees, minutes, and 
or example 75 0 $.0 is the code for 75° 0' 5.0". (However, degree of 
curvature is given in decimal degrees.) 


Note that at least one blank column separates decrees from minutes, and minutes 

from seconds. Degrees and minutes should be entered as integer quantities; the 
seconcs must contain a cecinal point and can contain decimal digits as wel:. 

Only the degrees portion carries a sign. To conform with practice, azimuths must 

be ertered as pesitive cuantitics, measurcl cleexwise from the north. 

zercs anc small negstive angles. “leros must be incluced in the data. Fer exatple, 
an angle of zero aegrees, cero minutes, and cero seconds must be entered as 0 (0 0.0. 
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With counterclockwise angles (negative angles) of less than one degree (for example, 
-0 12 27.0), use the 360° complement of the angle as the clockwise angle, since 
minus zero is not distinguishable from plus zero. In the example given, -0 

12 27.0 must be entered as 359 47 33.0. 


Coordinate System 


360 COGO uses a Y (North), X (East) coordinate system. Therefore coordinates 
must be entered in this order. The output is also given in this order. 


Legal Numbers 


For input to any COGO command, the user is permitted a maximum of 16 numerical 
characters plus a deciaml and a minus sign. (Leading and trailing zeros are 
counted as numeric characters.) 


COGO Output 


The output of a COGO job is printed out on the printer. The output format has 
answers interspersed with the listing of the input commands. The one exception 
to this is the LOTS/COMP command which has the listing of the input command 
suppressed to improve the output format. 


When cards are punched as output to the Dump Command, the cards are punched 
in the Store Command format in order that these same cards may be used for a 
future run as store command input. 


Coordinates and Curves 


Up to 2000 points can be stored in 360 COGO. Number points from 1 to 2000. 
Up to 50 curves can be stored and referenced. Number curves from 1] to 50. 


GENERAL RULES 


There are some general rules which should be followed when writing COGO Input. 
Following the rules listed below can amount to a considerable saving of both 
time and computer costs by eliminating unnecessary reruns due to carelessly 
written input. 


NOU & Gta me 


. Write clearly on input forms. 
. Supply all necessary data for each command. 
. Use the CLEAR Command at the start of a new job. 


Use the END/OF/JOB Command at the end of each run. 

Numerical input must not begin before column 12 when using Long Form Commarc. 
Numerical Input must not begin before column 5 when using Short Form Commar... 
The first column of a Comment Card shall contain an Asterisk (*) - 

the comment itself shai] not start before column 5 and musi end cefcre 
column 73. 


. An Asterisk (*) after the last input data on each card allows a coment 


to be written in the remaining portion of the card. This comment must 

end before cobumn 73. 

NOTE: Allow at least one blank space between the last piece of cata 
and the Asterisx. 


. Angles are input in degrees, minutes, and seconds. 
. Minus ‘angles must be signed for degrees only. 
ee 


The LOTS/COMP Command cannot be used once Piotting has been initiates 
by the SCALE Command (#65) and until Plotting has been compieted 
by the SCALE Command (#75). 


INDEX OF COMMANDS 


Number Long Form Short Forn 4 
: } END/OF/JOB E0J f 
2 STORE STR 
3 CLEAR CLR ; 
4 DUMP DMP } 
S * * ; 
6 REDEFINE RED 
7 EJECT EJT 
8 DISTANCE DIS 
9 LOCATE/AZIMUTK LAZ 
10 LOCATE/ BEARING LBR 
ll LOCATE/ANGLE LAN 
2 LOCATE/LINE LLN 
13 LOCATE/DEFLECTION LDF 
14 INVERSE/AZIMUTH AZ 
1S INVERSE/ BEARING IBR 
16 PARALLEL/LINE PL 
17 TANGENT / OFFSET TOF 
18 RT/TRI/HYP RTH 
i9 RT/TRI/LEG RTL 
20 ANGLE AXG ‘ 
21 ARC/POINT ARC 
22 POINTS/ INTERSECT PIN 
23 AZ/ INTERSECT AIN 
2 BR/ INTERSECT BIN 
25 DIVIDE/LINZ DLE 
26 ARC/LINE/POINTS ALP 
st ARC/ARC/ INTERSECT AA 
28 ARC/LINE/AZ ALA 
29 ARC/LINE/BR ALB 
30 DIVIDE/ARC DAE 
RD] ; SEGMENT SEG 
32 SEGMENT/PLUS SPL 
33 SEGMENT/MINUS SMI 
34 TANGENT TAN 
35 SIMPLE/CURVE SC ' 
36 DEFINE/CURVE DC 
37 ALIGNMENT ALN ; 
338 COORD/POA CPA 
39 COORD/OFFSET COF 
| 40 OFFSET/ALIGN OFA 
a1 STATION/FROM/COORD SFC | 
42 SIMPLE/SPIRAL S/S 
43 SPIRAL/LENGTH S/L 
44 SPIRAL/OF FSET $/0 
45 COORD/POSP cop ; 
46 LINE/SPIRAL L/S i 
47 COMPOUND/ SPIRAL c/s 
48 SPIRAL/SPIRAL SS 
49 CURVE/SPIRAL cS i 
$0 FIT/ALIGNMENT FA 1 
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AREA 

AREA, ALIMUTHS 
AREA/ BEARINGS 
AREASSTORI 
MULTIPLY/AREA 
TOTAL/AREA 
LOTS/COMP 
DIVIDE/AREA 
ADJUST/DEFLECTION/LS 
ADJUST/ALDIMUTH LS 
ADJUST/BEARING/L 
VERTICAL/START 
VERTICAL/END 
EVEN, STATIONS 

OF FSET/ELEV 
CURVE/ORAIN 
SLOPE/ LENGTH 
SCALE 

PLOT 

PLOT LINES 

PLOT /CURVE 

PLOT /ALIGNMENT 
PLOT/POINTS 

PLOT /DASHL 

SCALE 
PLOT/SPIRAL 
PLOT/DESCRIPTION 
PLOT/ SYMBOL 
STOP/ PLOT 
OPEN/FILE 

CLOSE FILE 

READ/ FILE 
WRITE/FILE 
RT/TRI/FT 
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